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Kinetic data for transient metal species in aqueous solution have been critically 
reviewed. The compilation covers over 2000 measurements of rate constants involving 
660 metal ions and metal complexes from Groups 4-15; lanthanides and actinides are not 
included. Most of the data have been obtained by the methods of pulse radiolysis or flash 
photolysis. Data have been collected from 500 publications through 1993. ©1995 
American Institute of Physics and American Chemical Society. 
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1. Introduction 

A wealth of information on the rates of fast reactions of 
metal ions has been obtained in the last 30 years, but there 
has been no systematic review of the data since the first 
tables of rate constants were published in 1978.1 Such infor
mation is valuable in the fields of homogeneous catalysis, 
radio-sensitisation and solar energy conversion. 

The present compilation, which supersedes the previous 
one,l comprises critically reviewed rate constants for the re
actions of metal ions and their complexes in aqueous solu
tion, together with pertinent data on their spectra] properties 
and acid dissociation constants. 

Rate constants are recorded for reactions where the metal 
species has a transient existence. Thus the compilation con
tains not only those species that are inherently unstable (e.g., 
Cd+, T12+ ), but also stable ions which react so rapidly under 
the given conditions that they have to be generated in situ 
usually by the fast time-resolved methods of pulse radiolysis 
or flash photolysis. To keep the compilation within reason
able bounds we have generally omitted the vast amount of 
data that has been obtained by the slower time-resolved 
method of stopped-flow. Nevertheless, a few stopped-flow 
data have been included when we judge them to be particll
larly relevant to the pulse radiolysis or flash photolysis data. 
Finally, a small number of rate constants obtained from com
petition kinetics studies using ,),-radiolysis and other steady
state methods are listed when they are the only available 
data. 

A number of review articles have been published which 
ileal with the mechani~tic rnle~ of metal ions2- 4 and the ki
netic data compiled here are complementary to this mecha
nistic information. 

2. Methods of Generation and Detection of 
Transients 

2.1. Pulse Radiolysis 

When moderately dilute (~1 mol L -1) aqueous solutions 
are exposed to ionizing radiation, such as 60Co y-rays or fast 
electrons from an accelerator, energy is predominantly ab
sorbed by the solvent to create radical and molecular prod
ucts. The overall chemical change is summarized by Eq.(l): 

4.1 H20'V'72.6 e~ +0.6 H' + 2. TOH+0.45 H2 

(1) 

where the numbers represent the radiation chemical yields, 
G-values, in units of molecules per 100 e V of absorbed en
ergy. These units are converted to SI units of mol J- 1 by 
multiplying by 1.036 X 10-7

• 

The hydrated electron, e~, and the hydrogen .atom are 
powerful reducing agents and the hydroxy] radical is a strong 
oxidant. 5 Because of these properties they are very effective 
in bringing about one-electron changes in the oxidation 
states of metal ions, so radiolysis, and particularly pulse fa
diolysis, has been widely exploited for this purpose. Reac
tions (2)-(4) below are some illustrative examples of how 
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FIG. 1. Effect of Ionic Strength on the Bimolecular Rate Constant for Ru(bpy)~+ + MV·+ -)Ru(bpy)~+ +MV2+ in Aqueous Solution. 

oxidation states, which are not generally accessible by ordi.: 
nary chemical means, can be generated in aqueous solution: 

(2) 

Data for the reactions of these free radicals with other metal 
species can be found in Ref. 6, and details of the conditions 
used to separate the radicals are described in Ref. 5. 

It is sometimes desirable to convert the primary radicals of 
water radiolysis [reaction (1)] to secondary radicals so that 

redox changes can be controlled. For example, the reactions 
of ·OH with metal ions are generally believed to result in the 
formation of hydroxo-adduct [e.g., reaction (4)] because 
simple outer-sphere electron transfer is unlikely on energetic 
grounds. On the other hand, outer-sphere electron transfer is 
more common with inorganic radicals such as SO 4. - and 
N3. Judicious choice of the ledox agent becomes ImpOltant 

when metal ions have ligands which can also be oxidized or 
reduced. Data for the reactions of these secondary radicals 
with metal ions and their complexes can be found in Ref. 7. 

2.2. Photolysis 

2.2.1. Photoionization end Photoexcitetion 

In this case energy is imparted directly to the metal ion or 
complex when it absorbs a photon. The result may be loss of 
an electron (photoionization) or excitation of an electron to a 
higher orbital (photoexcitation). In the first case one-electron 
oxidation of the metal species occurs, but in the second case 
the excited state may be quenched oxidatively or reductively 
by electron transfer to an acceptor or from a donor, respec
tively. Extensive kinetic data and details of these redox 
quenching processes can be found in Ref. 8. 

2.2.2. Oxidative Quenching of Tris(2,2'-bipyridine)ruthenium(U) 
ion 

The oxidative quenching of [Ru(II)(bpy )~+]* by 
1,1' -dimethyl-4,4' -bipyridinium ion (MV2+) [reaction (5)J 
provides an illustrative example of the type of process that is 

relevant to this compilation, namely the back electron trans
fer reaction (6) between the oxidation product Ru(III) 
(bpy)~+ and the one-electron reduced quencher MV·+: 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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[Ru(II)(bpy )rJ* + My2+ -+ Ru(II) (bpy )~+ + MY' +, 
(5) 

Ru(III)(bpy)~+ + MY'+ -+Ru(II)(bpy)~+ + MV2T. (6) 

We highlight reaction (6) here because its rate constant has 
been measured many times under a wide range of conditions 
of pH and ionic strength. Figure 1 shows data for 1<1 
mol L-1 which form a self~consistent set. The solid line is 
given by the empirical expression: 

k = {3 . 1 X 1 09 [1 - exp( - 5 .31) ] 

(7) 

The' data and their sources are listed in Appemlix I, Tdult; 

22B; also included are data for I> 1 mol C-1
. 

3. Explanation of the Tables 

3.1. Scope of the Compilation 

The compilation contains data published by the end of 
1993; data from a few papers received early in 1994 have 
also been included. The data were located through literature 
searches of the bibliographic database maintained by the Ra~ 
diation Chemistry Data Center, and by examina.tion of re

views. 
Rate constants have not been recorded when the metal 

species is in the form of a macromolecule, a polymer or a 
colloid, or is contained in a miceUar system, or in non
aqueous (~50% v Iv H20) solvent. Intramolecular electron 
transfer reactions have also been omitted. 

3.2. Data Selection 

In order. to be included in this compilation, values of the 
rate constants had to be reported in published papers, includ
ing proceedings of conferences, or communicated to us in 
the detail appropriate for a paper in a refereed journal. Pref
erence has been given to data obtained under well defined 
experimental conditions for well characterized chemical spe
cies. However, data for which the conditions are poorly de
fined, or even unstated, have been induded when no others 
are available on the grounds that they ure better than no data 
at alL The reader is given suffici,ent information in each entry 
to judge the quality of the result. 

3.3. Uncertainties and Sources of Error 

hi many cases authors have quoted the uncertainty of their 
data but the method of evaluation is not always specified. In 
others single values are reported to three significant figures. 
We have decided, therefore, not to report any errors and, 
since values of rate constants obtained in independent mea
surements are unlikely to have uncertainties of less than 
5 -10%, we have reported data to a maximum of two signifi
cant figures. In cases where the uncertainty is in the first 
figure or the data represent upper or lower limit values. only 
the first figure is recorded. Where the data have an uncer
tainty of more than 40-50%, they have been prefixed with 
"~". When discrepant values of a rate constant have been 
reported we have endeavoured to judge which is correct from 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

the information available and report only that one. In a few 
cases where it has not been possible to make this choice, the 
data have been marked to indicate that there is an unex
plained discrepancy. 

For some reactions there is uncertainty about the mecha
nism and even the structure of the reactant. Where different 
authors have presented different interpretations we have 
noted them in a comment along side the entries (e.g., Table 
19, entries 19.29 and 19.30). In those cases where subse
quent work has shown an earlier identification of the tran

sient reactant to be in error, the correct identification has 
been used in the entry from the earlier work (e.g., Table 15, 
entries 15.29.1-15.29.6). 

One of the main sources of error in measuring rate con
stants is the failure to take proper account of temperature. 
Many measurements are reported without reference to the 
temperature at which they were made, although the ambient 
temperature can vary by several 0c. Where the measuring 
temperature is reported we have recorded it in the entry in 
the column headed "t(OC)", otherwise this column is left 
blank. 

Another source of error in data for reactions between 
charged species is due to measurement having been made at 
different, but unspecified, ionic strengths. Accordingly ionic 
strength is included in an entry only when it is specified by 
the authors. Lack of pH control can also be a source of error 
and again the pH has been recorded only if it is reported by 
the authors, or when it can be calculated from the stated 
concentration of H+ or OH-. 

3.4. Spectral Properties and pKa's of the Metal 
Transients 

We have collected data on the optical absorption spectra 
and values of € (molar absorptivity) of transient metal spe
cies in separate tables for each metal. The species are ar
ranged in order of ascending oxidation number. When the 
oxidation number is not known it is listed as, for example, 
Pt(II/?) to indicate that the oxidation number of the starting 
material is (II) but that of the product is uncertain. The entry 
numbers in Tables 1-28 to which the data refer are included 
in these tables; also reported there are values of acid disso

ciation constants (pKa)' 
For reactions between like species where the measured 

parameter is k/ € (or 2k/ €) discrepancies arise through the use 
of differing values of e. If divergent values of k have been 
reported using different values of the molar absorptivity, the 
latter have been reassessed and values of k recalculated if 
appropriate. 

3.5. Nomenclature 

Each chemical species has been named according to IU
PAC rules whenever posible. The names of the reacting spe
cies appear as headings for the entries. An index of chemical 
names and synonyms is provided (Sec. 9). as well as a mo
lecular formula index (Sec. 8), as aids in locating reactants 
which are present in Tables 1-28. 

When it is not clear where the redox change occurs in the 
generation of a transient metal complex, the name used 
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(:ombines those of the starting material and the redox 
agent, e.g., Table 7, entry 7.13, "Tris(5-chloro-1,10-
pht~nanthroline)chromium(III), carboxyl radical adduct." 
Table 19, entry 19.11, "Bis(ethylenediamine)platinum(II), H 
I~action product" and Table 15, entry 15.59, "Nitriloaceta
tonickelate(II), H-abstraction product." 

Abbreviations are used in writing the reactions, and these 
arc listed separately in Sec. 4. Generally the metal appears as 
1hc first symbol, but where it is clear that a free radical bonds 
10 <I metal centre that is bonded to other ligands, the radical 
symbol precedes that of the metal, e.g., Table 6, entry 6.83.1, 
HOCH( CH3)Co( 4, ll-dieneN4)2+ . 

In some cases symbols of different ligands are contained 
in parentheses for the sake of clarity, e.g., Table 6, entry 
h.108.1, HOCH2CoHEDTA(H20)-. 

A roman numeral is used to indicate the oxidation state of 
the metal when it is not obvious from the formula of the 
complex. Water of hydration has generally been omitted 
from the formulae. In some cases, free radical species are 
enclosed in square brackets with a superscripted dot for the 
sake of clarity, e.g., Table 6, entry 6.98.1, 
[Co(bpy}z(bpyOH)l3+ and Table 6, entry 6.1.29 
[2-CH3NQ]"-. 

3~6. Arrangement of the Tables 

There is a table for each metal and these are arranged in 
alphabetical order of the metal symbol. Where a reaction 
involves two different transient metal species, it is recorded 
in both tables; but for a reaction between two stable metal 
species where one of them is produced transiently, the rate 
contant appears in the table appropriate to the transient. 
Tables containing spectral properties and pKa's have the 
same number, with the suffix A, as the rate constant tables 
for the individual metals. The~e tahles are collected in Ap
pendix I, Sec. 10. 

3.6.1. Order of Entries 

In each table the reactions are listed in order starting with 
the lowest oxidation state of a particular metal species. Sub
ject to the principle of keeping similar organometallic tran
sients together, they are generally 1i~ted within the ligand 
sub groupings: simple aliphatic, simple alicyclic and simple 
aromatic derivatives, followed by chelating and macrocyclic 
ligands. The order of entry of the metal transients in the 
tables IS shown in the hstmg in Sec. 11 (Appendix 11). 

The reactions of each species are divided into groups ac
cording to whether the second reactant is a radical, an inor
ganic or an organic. First-order reactions are listen first, then 
radical-radical reactions, which precede the reactions with 
inorganics. Reactions with inorganics are grouped in alpha
betical order of the main element. Reactions with organics 
follow, alphabetically by name. Multiple entries for the same 

reaction are listed in descending chronological order of pub
lication date. The location of all reactants (including the 
metal transients) can be found from the Molecular Formula 
Index (Sec. 8) and the Chemical Name Index (Sec. 9). 

3.6.2. Rate Constants 

Values of k are in units of L mol-I s -I and these units are 
given at the head of the column. The. unit of s -1 is included 
with the value of k when it refers to a first-order reaction or 
a bimolecular reaction with water. 

3.6.3. pH 

This is included in the entry when it is reported by the 
authors or if it can be calculated from the concentration of 
H+ or OH- in the solution. 

3.6.4. Ionic Strength 

The ionic strength is entered only when it is reported by 
the authors. The number of significant figures quoted by the 
authors has been retained. 

3.6.5. Temperature 

Most data have been obtained at ambient temperature 
which is not always reported. Unless the temperature was 
specified it has been omitted from the tables, but in those 
cases it can be taken to be the room temperature. 

3.6.6. Method 

This is entered in abbreviated form, e.g., p.r., f.p., etc., and 
the abbreviations are listed in Sec. 4. 

3.6.7. Comments 

The comments column contains detailed information in 
abbreviated form in the following order: The method used to 
obtain the value of k and the wavelength of measurement if 
appropriate; the composition of the solution; values of k ob~ 
tained under other specified conditions. Where a reaction is 
reversible and the rate constant for the reverse reaction is 
also known it is reponed as kr- When a value of k has been 
obtained by computer fitting this is stated. Activation param~ 
eters, Ea, Mf*, and AS*" are quoted if they are known. Also 
included in thi~ column are rate con~tants for further changes 
in the primary product. 

3.6.8. References to Tables 

The references are listed by the serial number in the 
RCne bibliographic database. These corresponding full ref
erences are presented in ascending chronological order in the 
bibliography (Sec. 7). 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 
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c.k. 
condy. 
d.k. 
~G:j: 

1lli* 
AS* 
€ 

Ea 
e.d. 
esr 
f.p. 
f.p./rq 
f.p./oq 
f.p./pi 
G 
y-r. 
I 
K 
k 
kr 
OQ 
pKa 
phot. 
p.b.k. 
p.r. 
RO 
satd. 
soln. 
s.f. 

ABTS 
Ac 
acac 
AJa 
aneN4 

[13]aneN4 

[15]aneN4 

[16]aneNs 
AO 
AZAcapten 
bpm 
bpy 
4,4'-bpy 
bpz 
bth 
BuOH 
tert-BuOH 
chxn 
Cp 
cyc1am 
CysSH 
diamsar 
dien 
4,1l-dieneN4 

4, 13-dieneN4 

BUXTON, MULAZZANI, AND ROSS 

4. List of Abbreviations and Symbols 

competition kinetics 
conductivity 
decay kinetics 

Methods and Other Symbols 

free energy of activation 
enthalpy of·activation 
entropy of activation 
extinction coefficient (mol::lT ::lhsorptivity) 

activation energy 
discharge 
electron spin resonance 
flash photolysis 
flash photolysis/reductive quenching 
flash photolysis/oxidative quenching 
flash photolysis/photoionization 
radiation yield (molecules per 100 eV) 
gamma radiolysis 
ionic strength 
equilibrium constant 
specific rate of the forward reaction 
specific rate of the reverse reaction 
oxidative quencher 
negative logarithm of the acid dissociation constant, e.g., where AH + H20 ~A - + H30 + 
photolysis 
product buildup kinetics 
pulse radiolysis 
reductive quencher 
saturated 
solution 
stopped flow 

Chemical Species and Ligands 

2,2' -azinobis(3-ethy Ibenzothiazoline-6-sulfonate) 
acetyl 
acetylacetonato (2,4-pentanedionato) 
alanine 
5,7,7,12,14,14-hexamethyI-l,4,8,1l-tetraazacycJotetradecane 
1,4,7,10-tetraazacyclotridecane 
1,4,8,12-tetraazacyclopentadecane 
1,4,7, 10, 13-pentaazacyc1ohexadecane 
9,10-anthraquinone 
8-methyl-1,3,13,16-tetraaza-6,10,19-trithiabicyc1o[6.6.6]eicosane 
2,2'-bipyrimidine 
2,2' -bipyridine 
4,4' -bipyridine 
2,2' -bipyrazine 
2,2' -bithiazole 
butanol 
tert-butyl alcohol (2M methyl-2-propanol) 
trufts-l,2-cyduhexanediamine 
cycIopentadienyl 
1,4,8, 11-tetraazacyclotetradecane 
cysteine 
1,8-diamino-3,6,10,13,16,19-hexaazabicyclo[6.6.6]eicosane 
diethyIenetriamine 
5,7,7, 12,14,14-hexamethyI-1,4,8,11-tetraazacyc1otetradec a-4,1l-diene 
2,2,4, 11,11, 13-hexamethyl-l,5,10,14-tetraazacyc1ooctadec a-4,13-diene 
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4, I il~djeneN4 

IO,J 3-dieneN4 
lIiHOamsar 
dillosar 
I)MCH 
dlllg 
DMSO 
UP 
dppz 
DO 
IrrPA 
EDDA 
EDTA 
en 
Et4dien 
EtOH 
Fe 
HEDTA 
HypO-
Gly-
IDA 
1m 
In 
isn 
mbpy 
Me 
Me6[14]aneN4 
Me4cyclam 
Me lOcy cl am 
MeNH2[18]aneN6 

MeN02[18]aneNfi 

MeOH 
Me2Pyo(14)aneN6 
Me2Pyo[14]hexaeneN4 
Me2PYO[ 14 ]trieneN4 
Me4tetraeneN4 
MV2-T-
na 
NAD 
NTA 
NQ 
PFP 
Ph 
phen 
pm 
PP 
PrOH 
pts 
py 
pytda 
pyth 
pz 
Q 

QH2 
sar 
SDS 
sep 
tacn 
TAP 

5,7,7, 12, 12,14-hexamethyl-l,4,8,11-tetraazacyc1otetrade ca-4,14-diene 
11,13-dimethyl-1,4,7, 10-tetraazacyclotetradeca-10, 13-die ne 
1,8-bis(hydroxyamino)-3,6,10,13,16,19-hexaazabicyc1o[6.6.]eicosane 
1,8-dinitro-3,6,10,13,16,19-hexaazabicyclo[6.6.6]eicosane 
6,7-dihydro-5,8-dimethyldibenzo[b,j][1,10]phenanthroline 
dimethylglyoxime 
dimethyl sulfoxide 
deuteroporphyrin 
dipyrido[3,2-a:2' ,3' -c ]phenazine 
duro quinone 
diethylenetriaminepentaacetate ion 
ethylenediaminediacetate ion 
ethylenediaminetetraacetate ion 
ethy lenediamine 
tetraethyldiethylenetriamine 
ethanol 
ferrocene 
N-(2-hydroxyethyl)-N,N' ,N' -ethylenediaminetriacetate ion 
hydroxyprolinato 
glycinato 
iminodacetate ion 
imidazole 
indole 
isonicotinamide 
1-methyl-4,4' -bipyridinium 
methyl 
5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane 
1,4,8, 11-tetramethyl-1,4,8,11-tetraazacyclotetradecane 
1,4,5, 7, 7,8,1l,12,14,14-decamethyl-1,4,8,1l-tetraazacyc1otetradecane 
8-Amino-8-methyl-1,3,6,10,13, 15-hexaazatricyclo[13. 1.1.113 ,15]octadecane 
8-Methyl-8-nitro-l,3,6,10,13,15-hexaazatricyclo[13 .1.1.113,15]octadecane 
methanol 
a-2,12-dimethyl-3,7,11,17-tetraazabicyc1o[11.3.1]heptadeca-l(17),13,lS-triene 
a-2,12-dimethyl-3, 7 ,11,17 -tetraazabicyclo[11.3.1 ]heptadeca-1 (17),2,6,1l,13,15-hexaene 
a-2,12-dimethyl-3, 7 , 11, 17-tetraazabicyclo[1 1.3. 1]heptadeca-1 (17),2,11, 13,15-pentaene 
1,3,8,10-tetraamethyl-1,4,8,11-tetraazacyclodeca~1,3,8,10-tetraane 

1,1' -dimethyl-4,4' -bipyridinium (methyl viologen) 
nicotinamide 
nicotinamide adenine dinucleotide 
nitrilotriacetate ion 
naphthoquinone 
tetra(N -methy lisonicotinamidopheny I) phosphine 
phenyl 
1,10-phenanthroline 
pyrimidine 
protoporphyrin 
propanol 
trisulfophthalocyanine 
pyridine 
2-(1,2,4-thiadiazol-5-yl)pyridine 
2-(2-thiazolyl)pyridine 
pyrazine 
1,4-benzoquinone 
hydroquinone 
3,6, 10,13,16, 19-hexaazabicyclo[6.6.6]eicosane 
sodium dodecy lsultate 
1,3,6,8,10, 13,16,19-octaazabicyclo[6.6.6]eicosane 
1,4,7-triazacyclononane 
1,4,5,7-tetraazaphenanthrene 
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TAPP 
TCPP 
TCPPS 
TEOA 
terpy 
tetraen 
tetraeneN4 

tetren 
TFPPS 
tim 
TMpyP 
2-TMpyP 
3-TMpyP 
TPP 
TPPS 
TpyP 
2-TpyP 
3-TpyP 
trien 
TrpH 
tspc 
TIP 
TxOH
'T'yrOH 
TZP 
U 
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tetra (4-trimethy lammoniopheny 1 )porphine 
tetra( 4-carboxyphenyl)porphine 
tetra(2,6-dichloro-3-sulfonatophenyl)porphine 
triethanolamine 
2,2' :2' ,2"-terpyridine 
tetraethyldiethylenetriamine 
5,7,7,12,14,14-hexamethyl-l,4,8,11~tetraazacyclotetradeca-l,3,8,lO-tetraene 

tetraethylenepentamine 
tetra(2-fiuoro-3-sulfonatopheny l)porphine 
?,3,9,lO-tetr::lmethyl-l ,4,R, ll-tetraa7.acyc1otetradeca-l ,3,R, 1 O-tetraene 
tetra(I-methy 1-4-pyridy l)porphine 
tetra( I-methyl-2-pyridyl)porphine 
tetra(1-methyl-3-pyridyI)porphine 
tetraphenylporphine 
tetra( 4-sulfonatophenyl)porphine 
tetra( 4-pyridyl) porphine 
tetra(2-pyridyl)porphine 
tetra(3-pyridyl)porphine 
triethylenetetramine 
tryptophan 
3,lO,I7,24-tetrasulfophthalocyanine 
tetra (4-methy lpheny l)porp hine 
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylate ion (Trolox C anion) 
tyro~ine 

tetra[ 4-N-(3-sulfonatopropyI)pyridyl]porphine 
uracil 
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RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1063 

TABLE 1. Rate constants for silver transients 

No. Reaction k (L mol-I s-I) pH t(°C) Method Comment Ref. 

Ll Silver atom 

1.1.1 Silver atom 

AgO + AgO -+ Ag2 ° -1.6 X 101O p.r. Estimated from comparison of spectral 93AI66 
changes and calculated concentration-time 
profiles of the early products of reduction 
of Ag+. 

1.1.2 Silver(I) ion 

AgO + Ag+ -+ Ag2 + 8 X 109 p.r. D.k. at 360 nm and p.h.k. at 310 nm in 93AI66 
soln. contg. 0.1 mol L-1 2-PrOH and 1 x 
10-4 mol L-1 AgCI04. 

6.5 X 109 1.0 29 p.r. D.k. at 410 nm in soln. contg. 0.0042-0.34 731053 
mol L-1 tert-BuOH, 0.1 mol L-1 HCI04 
and 1 x 10-4 mol L-1 AgCI04. 

5.2 X 109 1.0 29 p.r. O.k. at 410 nm in soln. contg. 0.0042-0.34 731053 
mol L-1 tert-BuOH, 0.1 mol L-1 HCI04 
and 1 x 10-4 mol L-I AgCI04; measured at 
pressure of 6.72 khar. 

5.9 x 109 p.r. P.h.k. at 260 nm and d.k. at 360 nm in soln. 68043] 
contg. 0.1 mol L-1 MeOH and 10-5 mol 
L-1 Ag2S04• 

1.1.3 Diammincsilvcr(I) ion 

AgO + Ag(NH3h + -+ Ag2(NH3)n + 5.2 x 109 p.r. O.k. at 360 nm and p.h.k. at 260 nm in 680435 
soln. contg. 0.1 mol L-1 MeOH, 0.1 mol 
L-1 NH3 and 10-5 mol L -I Ag2S04. 

Product contains unknown number of 
ammine ligands. 

1.1.4 Copper(II) ion 

AgO + Cu2+ -+ Ag+ + Cu+ 6.5 X 108 p.r. O.k. at 360 nm in soln. contg. 1 x 10-5 mol 78A41O 
L-I Ag+. 

1.1.5 Iron(Ill) ion 

AgO + Fe3+ -+ Ag + + Fe2+ 1.2 X 109 2 p.r. O.k. at 360 nm in soln. contg. 1 x 10-5 mol 78A4]0 
L-1 Ag+. 

1.1.6 Oxygen 

AgO + 02 -+ Ag+ + 02'- 5.0 X 109 p.r. O.k. at 360 run in soln. contg. 1 x 10-5 mol 78A41O 
L-1 Ag+. 

1.1.7 Hydrogen peroxide 

AgO + H20 2 -+ 3.5 x 109 p.r. D.k. at 360 nm-in soln. contg. ] x 10-5 mol 78A410 
L-1 Ag+. 

1.1.8 Bromoform 

AgO + CHBr3 -+ 3.0x 109 p.r. O.k. at 360 nm in soln. contg. 1 x 10-5 mol 78A410 
L-1 Ag+. 

1.1.9 Carbon tetrachloride 

AgO +CCI4 -+ 1.1 x 109 p.r. O.k. at 360 nm in soln. contg. 1 x 10-5 mol 
L-I Ag+. 

78A410 

1.1.10 Chloroacetate ion 

AgO + CICH2C02--+ 1.5 X 108 p.r. O.k. at 360 nm in soln. contg. 1 x 10-5 mol 78A410 
L-1 Ag+. 

1.1.11 Chloroform 

AgO + CHCl3 -+ 1.1 X 109 p.r. O.k. at 360 nm in solD. contg. 1 x 10-5 mol 78A41O 
L-1 Ag+. 

1.1.12 Nitrobenzene 

AgO + C6HSN02 -+ 2.8 X 109 p.r. O.k. at 360 run in solD. CODtg. 1 x 10-5 mol 78A41O 
L-1 Ag+. 
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TABLE 1. Rate constants for silver transients - Continued 

No. Reaction k (L mol-1 s-l) pH I(°C) Method Commeot Ref. 

1.1 Silver atom - Continued 

1.1.13 Nitromethane 

AgO + CH3N02 -+ 2.3 X 109 p.r. D.k. at 360 om io soln. cootg. 1 x 10-5 mol 78A410 
L-1 Ag+. 

1.2 Silver(1) ion, complex with Ag(O) 

1.2.1 Silver(l) ion, complex with Ag(O) 

Ag2 + + Ag2 + -+ Agi+ 1.3 X 109 p.r. D.k. at 310 nm io N20-satd. solo. contg. 93A166 
formate. 

1.2.2 Iron(III) ion 

Ag2 + + Fe3+ -+ 3.0 X 108 2 p.r. D.k. at 310 nm in soln. cootg. 0.001 mol 78A41O 
L-1 Ag+. 

1.2.3 Permanganate ion 

Ag2++ Mn04- -+ -1.2 X 1010 20 p.r. D.k. at 545 nm in soln. contg. 10-5 mol L-1 650385 
Mo04 - and varied (Ag+]. 

1.2.4 Hydrogen peroxide 

Ag2 + + H20 2 -t 8.0 X 106 p.r. O.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L-1 Ag+. 

1.2.5 Oxygen 

Ag2+ + 02 -+ 4.6 X 108 p.r. O.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L-1 Ag+, 

1.2.6 Tris(2,2' -bipyridine)ruthemum(lII) ion 

Ag2 + + Ru(bpYh 3+ -t 2 Ag+ + 1.2 X 1010 f.p./oq P.b.k. in soln. contg. Ru(bPYh2+ and Ag+ 80C004 
Ru(bpy)l+ (OQ). 

1.2.7 1,4-Benzoquinone 

Ag2 + + Q -t 2 Ag+ + Q'- 1.5 X 108 5.8 25 p.r. P.b.k. at 430 nm in soln. contg. 0.005 mol 761134 
L-1 Ag+, (2-4) x 10-s mol L-1 

benzoquinone and 1 mol L-1 tert-BuOH. 

1.2.8 Bromoform 

Ag2" + CHHr3 -+ 5.0 x 106 p.r. O.k. at 310 nm io soln. contg. 0.001 mol 78A41O 
L-1 Ag+. 

1.2.9 Carbon tetrachloride 

Agz + + rrJ4 -+ l'i'X Hl7 p.r. DYat 310 nm in ,l;oln. contg. 0.001 mol 7SA41O 
L-1 Ag+. 

1.2.10 Nitrobenzene 

Ag2 + + C6HSN02 -+ 3.0x 108 p.r. O.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L-1 Ag ..... 

1.2.11 Nitromethane 

Ag2 + + CH3N02 -+ 1.1 x 108 p.r. D.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
e1AS+. 

1.3 Amminesilver(O)-silver(1) complex 

1.3.1 Diamminesilver(l) ion 

Ag2(NH3)n + + Ag(NH3h + ~ _lOll p.r. Estimated from rate of formation of 680435 
Ag3(NH3)n 2+ product in solo. contg. 0.01 mol L-1 

Ag(NH3h+· 

1.3.2 Amminesilver(O)-silverm complex 

Ag2(NH3)n + + Ag2(NH3)n + -+ 2.5 X 109 p.r. O.k. at 310 nm in soln. contg. 0.001 mol 78A410 
Ag4(NH3)n 2+ L-1 Ag+ and 0.Q1 mol L-1 NH3. 

1.3.3 Hydrogen peroxide 

Ag2(NH3)n + + H20 2 -+ 1.0 X 109 p.r. O.k. at 310 nm in solo. contg. 0.001 mol 78A410 
L-1 Ag+ and 0.01 mol L-l NH3• 
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TABLE 1. Rate constants for silver transients - Continued 

No, Reaction pH tcoq Method Comment Ref. 

1.3 Amminesilver(O)-silver(1) complex - Continued 

1.3.4 Oxygen 

Ag2(NH3)n + + O2 --+ 7.0 x 109 p.r. 

1.3.5 Bromoform 

Ag2(NH3}n + + CHBr3 --+ 2.0x 109 p.r. 

1.3.6 Carbon tetrachloride 

Ag2(NH3)n + + CCl4 --+ 1.0 X 108 p.r. 

1.3.7 Chloroacetate ion 

Ag2(NH3)n + + CICH2C02 - --+ 3.0 X 106 p.r. 

1.3.8 Chloroform 

Ag2(NH3)n + + CHCl3 --+ 2.0 X 108 p.r. 

1.3.9 Nitrobenzene 

Ag2(NH3)n + + C6H5N02 --+ 9.0 X 108 p.r. 

1.3.1U Nitromethane 

Ag2(NH3)n + + CH3N02 --+ 1.5 X 108 p.r. 

1.4 5,10,15,20-Tetrakis( 4-suifonatopbenyl)porphinatoargentate(1) ion 

1.4.1 Water 

AgTPPS5- + H20 --+ AgTPPSH4- + 
OW 

1.5 Silver(m ion 

1.5.1 Chromate(V) 

Ag2+ + Cr(V) --+ Cr(VI) + Ag+ 

1.5.2 Perhydroxyl 

Ag2+ + H02' --+ Ag+ + H+ + O2 

1.5.3 Hydrogen peroxide 

Ag2+ + H20 2 --+ Ag+ + H02' + H+ 

8.0 

5.8 X 107 

3 

1.5.4 5,10,15,20-Tetrakis(1-methylpyridinium-4-yl)porphinatozinc(II) ion 

Ag2+ + ZnTMpyp4+ --+ Ag+ + 6.0 X 107 4.0, 0.004 
[ZnTMpyp],5+ 5.0 

1.5.5 a-Aminoisobutyric acid 

Ag2+ + (CH3hC(NH3 +)C02 - --+ 4.4 

p.r. 

21 p.r. 

21 p.r. 

21 p.r. 

p.r. 

p.r. 

D.k. at 310 nm in soln. contg. 0.001 mol 78A410 
L-1 Ag+ and 0.01 mol L-1 NH3. 

D.k. at 310 nm in soln. contg. 0.001 mol 78A410 
L-J Ag+ and 0,01 mol L-1 NH3. 

D.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L-1 Ag+ and 0.01 mol L-1 NH3. 

D.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L -I Ag+ and 0.01 mol L -I NH3• 

D.k. at 310 nm in soln. contg. 0.001 mol 
L-1 Ag+ and 0,01 mol L-1 NH3• 

78A410 

D.k. at 310 nm in soln. contg. 0.001 mol 
L-1 Ag+ and 0.01 mol L-1 NH3. 

78A410 

D.k. at 310 nm in soln. contg. 0.001 mol 78A41O 
L-1 Ag+ and 0.01 mol L-1 NH3• 

D.k. in N2-satd. soln. contg. AgTPPS4- and 81A247 
0.1 mol L-1 2-PrOH. 

D.k. at 270 nm in Ar-satd. soln. contg. 10-4 89A422 
mol L-J Cr20l- (mostly HCr04-), 2 x 
10-5 mol L-1 Ag+ and 0.1 mol L-1 HCI04. 

D.k. at 280 nm in 02-satd. soln. contg. 10-4 89A422 
mol L -I Cr20l- (mostly HCr04), 2 X 

10-5 mol L-1 Ag+ and 0.1 mol L-1 HCI04. 

D.k. at 280 nm in N20-satd. soln.contg. 1 89A422 
x 10-4 mol L-1 Ag2S04 and 1,5 and 10 x 
10-4 mol L-I H20 2 -

P.b.k. at 690-700 nm in N20-satd. buffered 85A038 
soln. contg. Ag2S04 and (1-4) x 10-4 mol 
L 1 porpbynn; the n-radicaJ cation 
complexes with Ag(II). 

D.k. in N20-satd. soln. contg. 5 x to-I mol 80A307 
L-1 AgCI04 and (5-100)'x to-5 mol L-1 

aminoisobutyric acid; reaction product 
assigned as a complex which decays by 
intramolecular oxidation, k = 5 X 103 s-l. 
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TABLE 1. Rate constants for silver transients - Continued 

No. Reaction k(Lmorl S-1) pH t(°C) Method Comment Ref. 

1.5 Silver(m ion - Continued 

1.5.6 6·Aminophenalenone 

Ag2+ + 6-NH2PHO -l> Ag+ + 1.1 X 109 p.r. P.h.k. at 420 nm in N20-satd. soln. contg. 93A404 
[6-NH2PHOr+ 0.005 mol L -1 Ag2S04. 

1.5.7 Anisole 

Ag2+ + C6HsOCH3 -l> Ag+ + 3.8 X 107 4 20 p.r. P.b.k. b N20-satd. soln. contg. AgN03. 751171 
[C6HsOCH3r+ 

1.5.8 Diethyl disulfide 

Ag2+ + C2H5SS~Hs -l> Ag+ + 3.5 X 108 4 p.r. O.k. at 300 nm and p.b.k. at 430 nm in 761143 
[C2H5SS~H5r+ N20-satd. soln. contg. 0.002 mol L -1 Ag+ 

and various lower concn. of disulfide. 

1.5.9 l,2-Dimethoxybenzene 

Ag2+ + 2-CH30C6H40CH3 -l> Ag+ + 6.0x 107 4 20 p.r. P.b.k. in N20-satd. soln. contg. AgN03. 751171 
[2-CH3OC6H4OCH3r+ 

1.5.10 l,3-Dimethoxybenzene 

Ag'-I- + 3-CH30C6H40CH3 ~ Ag-l- + 6.3 x to' 4 20 p.r. P.b.k. in N20-satd. suln. cuntg. AgN03' 7,51171 
(3-CH3OC6H4OCH3]'+ 

1.5.11 1,4.Dimethoxybenzene 

A'i!,2+ + 4-CH"OC6H.tOCH3 -l> A~t + 4.6 x 107 4 20 p.r. P.b.k. in N,O-satd. soln. contg. AgNO~. 751171 
[ 4-CH3OC6H4OCH3r+ 

1.5.12 2,3.Dimethoxybenzoic acid 

Ag2+ + 2,3-(CH30hC6H3C02H -l> Ag+ 6.7 X 108 -3 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
+ H+ + [2,3-(CH3OhC6H3C02]' 0.001 mol L-1 AgS04. 

1.5.13 3,4.Dimethoxybenzoic acid 

Ag2+ + 3,4-(CH30hC6H3C02H -l> Ag+ 4.2 X 108 -3 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
+ H+ + [3,4-(CH3OhC6H3C02]' 0.001 mol L-1 AgS04. 

1.5.14 2,4.Dimethoxybenzoic acid 

Ag2+ + 2,4-(CH30hC6H3C02H -l> Ag+ 4.5 x 108 -3 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
+ H+ + [2,4-(CH30hC6H3C02]' 0.001 mol L-1 AgS04• 

1.5.15 2,6·Dimethoxybenzoic acid 

Ag2+ + 2,6-(CH30hC6H3C02H -l> Ag+ 2.2 X 109 -3 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
+ H+ + [2,6-(CH30)2C6H3C02]' 0.001 mol L-1 AgS04• 

1.5.16 3,5 -Dirocthoxybilozoic Qcid 

Ag2+ + 3,5-(CH30}zC6H3C02H -l> Ag+ 6.0 x 108 -3 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
+ H+ + [3,5-(CH30hC6H3C02J' O.O(H mol L-1 AgS04. 

1.5.17 Dimethyl disulfide 

Ag2+ + CH3SSCH3 -+ Ag+ + 5.2 X 108 3.5 p.r. O.k. at 300 nm and p.b.k. in N2O-satd. 761143 
[CH3SSCH3r+ soln. contg. 0.002 mol L-1 Ag+ and 

various lower concn. of disulfide. 

1.5.18 Ethylene glycol 

Ag2+ + HOCH2CH20H -l> 1.3 x 106 4.7 p.r. O.k. at 265 and 300 Dm in N20-satd. soln. 81A209 
contg. 1.1 x 10-3 mol L-1 AgCI04 and 
(1.1-4) x 10-3 mol L-1 ethylene glycol; 
rc<ll;tion pcodul;t a.ssigncd a.s a I;;omplcx 

which decays by intramolecular oxidation, 
k= 2.8 x 103 s-I. 

1.5.19 Glycine 

Ag2+ + GlyH -+ AgGly+ + H+ 1.5 X 106 4.4 p.r. D .k. at 310 nm in N20-satd. soln. contg. 1 80A307 
x 10-4 mol L-1 AgCI04 and -1-2 x 10-3 

mol L-1 glycine; at [GlyHJ > 0.01 mol L-1 

k = 5.2 x 103 s-I for decay oftbe complex 
by intramolecular oxidation. 
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TABLE 1. Rate constants for silver transients - Continued 

'Ne., Reaction k (Lmol-1 s-l) pH t(°C) Method Comment Ref. 

1.5 Silver(1I) ion - Continued 

1.5.;20 Methionine 

Ag2+ + Met -+ Ag+ + [Metr+ 3.3 x 108 <5 p.r. D.k. in N20-satd. soln.; evidence is given 
that amino group of methionine (10-2 mol 

81A340 

L-1) is complexed with Ag+ (5 x 10-2 mol 
L-1 AgN03)· 

1.5.21 2-Methoxybenzoic acid 

Ag2+ + 2-CH30C6H4C02H -+ Ag+ + 6.8 X 108 -3 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
H+ + [2-CH3OC6H4C021' O.OO} mol L-1 AgS04. 

1.5.22 3-Methoxybenzoic acid 

Ag2+ + 3-CH30C6H4C02H -+ Ag+ + 3.0 X 108 -3 p.r. P.h.k. and d.k. in NzO-satd. soln. contg. 771006 
H+ + [3-CH3OC6H4C02r 0.001 mol L-1 AgS04• 

1..5.2:3 4-Mdboxybenzoie acid 

Ag2+ + 4-CH30C6H4C02H -+ Ag+ + 3.8 X 108 -3 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
H+ + [4-CH3OC6H4C02]' 0.001 mol L-1 AgS04• 

1.5.24 1,2,3-Trimethoxybenzene 

Ag2+ + 1,2,3-C6H3(OCH3h -+ Ag+ + 2.5 X 107 4 20 p.r. P.h.k. in NzO-satd. soln. contg. AgN03. 751171 
[1,2,3-C6H3(OCH3hr+ 

1.5.25 1,2,4-Trimethoxybenzene 

Agz+ + 1.2,4-C6H3(OCH3h -+ Ag+ + 7.0 X 107 4 20 p.r. P.b.k. in N20-satd. soln. contg. AgN03. 751171 
[1,2,4-C6H3(OCH3hr+ 

1.5.26 1,3,5-Trimethoxybenzene 

Ag2+ + 1,3,5-CtjH j (OCHj )j -" AS+ + 5.6x 107 20 p.r. P.h.k. in NzO-satd. soln. contS. ASN03 • 751171 
[1,3,S-C6H3(CH3Ohr+ 

1.5.27 2,3,4-Trimethoxybenzoic acid 

Ag2+ + 2,3,4-(CH30hC6H2COzH -+ 4.7 x 108 -3 p.r. P.b.k. and d.k. in NzO-satd. soln. contg. 771006 
Ag+ + H+ + [2,3,4-(CH30hC6H2C02J' 0.001 mol L-J AgS04• 

1.5.28 3,4,5-Trimethoxybenzoic acid 

Ag2+ + 3,4,S-(CH30)3C6H2C02H -+ 4.0 x 108 -3 
Ag+ + H+ + [3,4,5-(CH30hC6H2C021" 

p.r. P.b.k. and d.k. in N20-satd. soln. contg. 
0.001 mol L-1 AgS04. 

771006 

1.5.29 2,4,5-Trimethoxybenzoic acid 

Ag2+ + 2,4,S-(CH30hC6H2C02H -+ 2.6 x 108 -3 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + H+ + [2,4,5-(CH3OhC6HzC02J' 0.001 mol L-1 AgS04. 

1.5.36 2,4,6-Trimethoxybenzoic acid 

Ag2+ + 2,4,6-(CH30hC6HzC02H -+ 1.1 x 109 -3 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + H+ + [2,4,6-(CH30hC6HzC02J' 0.001 mol L-l AgS04• 

1.5.31 Trimethylacetate ion 

Ag2+ + (CH3hCC02 - -+ -I X 108 4.3 p.r. D.k. at 310 nm in N20-satd. in soln. contg. 
AgCI04 and -1 x 10-4 mol L-1 

80A307 

trimethylacetiC acid (S); reaction product 
assigned as a complex which decays by 
intramolecular oxidation, at [S] = 2 x 10-4 
to 1 X 10-2 mol L-1 k= 1 X 104 5-1• 

1.6 Hydroxysilver(m ion 

1.6.1 Hydrogen ion 

AgOH+ + H+ -+ Ag2+ + H2O 8 X 109 4.3 p.r. P.b.k. in N20~satd. soln. contg. 0.001 mol 79A304 
L-1 Ag .... 

1.2 X 1010 p.r. D.k. at 310 run in N20-satd. soln. contg. 78COO6 
0.001 mol L -1 Ag+ and varied [Hi. 

1.6.2 2,3.Dimethoxybenzoate ion 

AgOH+ + 2.3-(CH30}zC6H3C02 - -+ 8.4 X 108 5-6 
Ag+ + OIr + [2,3-(CH3O}zC6H3C02f 

p.r. P.b.k. and d.k. in N20.satd. soln. contg. 
0.001 mol L-1 AgS04• 

771006 
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1068 BUXTON, MULAZZANI, AND ROSS 

TABLE 1. Rate constants for silver transients - Continued 

No. Reaction k (L mol-I S-I) pH I t(°C) Method Comment Ref. 

1.6 Hydroxysilver(II) ion - Continued 

1.63 3,4-Dimethoxybenzoate ion 

AgOH+ + 3,4-(CH30hC6H3C02 - -> 2.2 X 109 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + Off"" + [3,4-(CH3OhC6H3COi!' 0.001 mol L-1 AgS04. 

1.6.4 2,4-Dimethoxybenzoate ion 

AgOW + 2,4-(CH30hC6H3C02 - -> 1.9 X J09 5-6 p.r. P.h.k. and d.k. in N20 -satd. soln. contg. 771006 
Ag+ + Off"" + [2,4-(CH30hC6H3C02r 0.001 mol L-1 AgS04. 

1.6.5 2,6-Dimethoxybenzoate ion 

AgOH+ + 2,6-(CHPhC6H3C02 - -> 204 X J09 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + OIr + [2,6-(CH30hC6H3C02r 0.001 mol L-1 AgS04. 

1.6.6 3,5-Dimethoxybenzoate ion 

AgOW + 3,5-(CHPhC6H3C02 - -> 2.3 X J09 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + OIr + [3,5-(CH3OhC6H3C02r 0.001 mol L-1 AgS04. 

1.6.7 2-Metboxybenzoate ion 

AgOW + 2-CH30C6H4C02- -> Ag+ + 4.0 X 109 5-6 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
OIr + [2-CH3OC6H4C02r 0.001 mol L-1 AgS04. 

1.6.8 3-Methoxybenzoate ion 

AgOH+ + 3-CH3OC6H4C02 - -> Ag+ + lA x 109 5-6 p.r. P.b.k. and d.k. in N20 -satd. soln. contg. 771006 
OIr + [3-CH3OC6H4C02J' 0.001 mol L-1 AgS04. 

1.6.9 4-Methoxybenzoate ion 

AgOH+ + 4-CH3OC6H4C02 - -> Ag+ + 1.6 X 109 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
OIr + [4-CH3OC6H4C02J' 0.001 mol L-1 AgS04. 

1.6.10 2,3,4-Trimethoxybenzoate ion 

AgOH+ + 2,3,4-(CH3OhC6H2C02--> 2.1 X J09 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + OIr + 0.001 mol L-1 AgS04• 

[2,3,4-(CH30hC6H2C02]' 

1.6.11 3,4,5-Trimethoxybenzoate ion 

AgOW + 3,4,5-(CH30hC6H2C02 - -> 1-.2 X J09 5-6 p.r. P.h.k. and d.k. in N20 -satd. soln. contg. 771006 
Ag+ +OIr + 0.001 mol L-1 AgS04-

[3,4,5-(CH30hC6H2C02]' 

1.6.12 2,4,5-Trimethoxybenzoate ion 

AgOH+ + 2,4,5-(CH30hC6H2C02 - -> 1.2 X 109 5-6 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ +OIr + 0.001 mol L-1 AgS04. 

[2,4,5-(CH30hC6H2C02J' 

1.6.13 2,4,6-Trimetboxybenzoate ion 

AgOH+ + 2,4,6·(CH30hC6H2C02 - -+ 204 X 109 5-6 p.r. P.h.k. and d.k. in N20-satd. soln. contg. 771006 
Ag+ + OIr + 0.001 mol L -I AgS04. 

[2,4,6-(CH3OhC6H2C02r 

1.7 Mono- and dihydroxysilver(II) 

1.7.1 2-Aminoetbanol 

AgOH+/Ag(OHh + H2NCH2CH20H -+ 5.5 x J08 8.9 p.r. P.b.k. at 400 nm in N20-satd. soln. contg. 82A098 
1.2 x JO-3 mol L- 1 AgCI04 and -1-7 x 
JO-4 mol L:"I ethanolamine; reaction 
product assigned as a complex which 
decays by intramolecular oxidation, k = 2 X 

103 s-I ; k = 8 X 107 L mol- I S-I for uptake 
of another glycol. 

1.7.2 a-Aminoisobutyric acid 

AgOW/Ag(OHh + 4 x J07 8.8 p.r. D.k. in N20-satd. soln. contg. 5 x JO-1 mol 80A307 
(CH3hC(NH3 +)C02 - -+ L-1 AgCI04 and (5-100) x JO-5 mol L-1 

aminoisobutyric acid; reaction product 
assigned as a complex which decays by 
intramolecular oxidation, k = 4 X J03 5-1 •. 

lpaek

lpaek

lpaek

lpaek
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TABLE 1. Rate constants for silver transients - Continued 

No Reaction k (Lmol-1 s-l) pH t(°C) Method Comment Ref. 

l.7 Mono- and dihydroxysilver(II) - Continued 

1.7.3 cis-l,2-CyclobexanedioJ 

AgOH+/Ag(OHh + c-C6H IO(OHh -+ 1.5 X 108 8.7 p.r. P.b.k. at 400 nm in N20-satd. soln. contg. 82A098 
1.2 x 10-3 mol L -I AgCI04 in borate 
buffer; reaction product assigned as a 
complex which decays by intramolecular 
uxiuutiull, k = 3;c, 10'1 ::;_1; k = S;c, 107 L 

mol-I S-I for uptake of another glycol. 

1.7.4 trans-l,2-Cyclohexanediol 

AgOH+/Ag(OHh + c-C6HIO(OHh -+ 3.7)( 108 8.7 p.r. P.b.k. at 400 nm in N:lO-satd. soln. contg. 
1.2 x 10-3 mol L-1 AgCI04; reaction 

82A098 

product assigned as a complex which 
decays by intramolecular oxidation, k = 3 X 

103 s-I; k = 7.5 X 107 L morl s-I for 
uptake of another glycol. 

1.7.5 Diethyl disulfide 

AgOH+/Ag(OH}z + C2H5SS~H5 -+ 7.0 X 108 8 p.r. D.k. at 300 nm and p.b.k. in N2O-satd. 761)43 
Ag+ + OJrJ20H- + [C~HjSSC~Hjr+ coIn. contg. 0.002 mol L -1 Ag+ IUld 

various lower conen. of disulfide. 

1.7.6 Dimethyl disulfide 

AgOH+/Ag(OH)2 + CH3SSCH3 -I' Ag+ 5.6 X 108 p.r. O.k. at 300 nm and p.b.k. in N2O-satd. 761143 
+ mr/20H- + [CH3SSCH3r+ soln. contg. 0.002 mol L -I Ag+ and 

various lower conen. of disulfide. 

1.7.7 Ethylene glycol 

AgOH+/Ag(OHh + HOCH2CH20H -+ 1.5 x 108 8.6 p.r. P.b.k. at 400 nm in N20-satd. soln. contg. 
1.2 x 10-3 mol L -I AgCI04; reaction 

82A098 

product assigned as a complex which 
decays by intramolecular oxidation, k = 
-2.5 X 103 S-I; k = 3 X 107 L mol-I s-1 for 
uptake of another glycol. 

1.7.8 Glycine, negative ion 

AgOH+/Ag(OHh + Gly- -I' 6x 107 9.0 p.r. O.k. at 330 and 400 nm in N20-satd. soln. 80A307 
AgGly(OH)1 AgGly(OH)2- contg. O,(>O} mol L-1 AgCI04 and (0.5-4) x 

10-3 mol L-1 glycine; experimentally . 
indistinguishable from 
AgGly(OH)/ AgGly(OHh-+ Gly -+ 

Ag(Glyh; extrapolation gives 3 X 108 L 
mol- I S-I for reaction ofthe fully basic 
fonn, Gly-. At [Glyl > 0.001 mol L -1, k = 
50 S-1 for decay· of the complex, Ag(GIYh, 
by intramolecular oxidation; at low [Glyl. 
k=500s-1

• 

1.7.9 Trimethylacetate ion 

AgOH+/Ag(OHh + (CH3)3CC02 <107 8.8 p.r. D.k. at 310 nm in N20-satd. in soln. contg. 80A307 
AgCJ04 and -1 .~ 10-4 mol L-1 

trimethylacetic acid. 

1.8 Dihydroxysilver(m 

1.8.1 Dihyw:uxYliil v~r(II) 

Ag(OH)z + Ag(OH)z -+ 7.5 x 109 9.2- p.r. O.k. at 270 nm and p.b.k. at 390 nm in 79A304 
9.8 N20-satd. soln. contg. 0.001 mol L-1 Ag+; 

reaction suggested to be dimerization -+ 

[Ag(OHhh and ultimate formation of 
Ag(III), which decays with k = -0.1 s-). 
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TABLE 1. Rate constants for silver transients - Continued 

No. Reaction pH /(0C) Method Comment Ref. 

1.9 Tetraamminesilver(II) ion 

1.9.1 Tetraamminesilver(II) ion 

Ag(NH3)i+ + Ag(NH3)/+ -4 6x 105 11.5 p.r. D.k. at 270 nm in N20-so1n. contg. 0.001 
mol L -I Ag+ and 1 mol L-1 NH3. 

79A304 

1.9.2 Alanine, negative ion 

Ag(NH3)/+ + Ala- -+ Ag(NH3h<Ala)+ 8x 105 11.5 p.r. D.k. at 270-2S0 nm in N20-soln. contg. 80A307 

+ NH3 0.001 mol L-1 Ag+ and 1 mol L-1 NH3; k = 
5 X 103 s-1 for decay of the complex by 
iulli:UlJuh;f.,;u}i:lJ uAhlaliuD. 

1.9.3 u-Aminoisobutyrate negative ion 

Ag(NH3)42+ + (CH3hC(NH2)C02--4 2x 106 !1.5 p.r. O.k. in N20-satd. soln. contg. 0.001 mol 80A307 
Ag(NH3h[(CH3hC(NH2)C02t + NH3 L-1 AgCI04 and 1 mol L-1 NH3; reaction 

product assigned as a complex which 
decays by intramolecular oxidation, k = 5 X 

103 s-I. 

1.9.4 Aspartate monoanion 

Ag(NH3)i+ + Asp- -4 Ag(NH3h(Aspt 1.2 x 106 11.5 p.L O.k. at 270-280 nm; k = 4 X 103 s-I for 80A307 
+ NH3 decay of the complex by intramolecular 

oxidation. 

1.9.!5 Glycine, negative Ion 

Ag(NH3)i+ + Gly- Ag(NH3h<Gly)+ 5 x lOS 11.5 p.r. O.k. at 270-280 nm in soln. contg. 0.001 SOA307 
+ NH3 mol L-J Ag+ and 1 mol L-1 NH3; k= 3 x 

103 S -I for decay of the complex by 
intramolecular oxidation. 

1.10 Diammine(hydroxy)silver(m 

1.10.1 Ammonia 

Ag(NH3hOH+ + NH3 ~ Ag(NH3hOH+ 3 X 107 10.5 p.r. P.b.k. at 270 nm in N20-satd. soln. contg. 
0.001 mol L -I Ag+ and (3-12) x 10-3 mol 

79A304 

L-1 NH3· 

1.11 Triammine(hydroxy)silver(m ion 

1.11.1 Ammonia 

Ag(NH3hOH+ + NH3 -+ Ag(NH3)i+ + 8 X 106 10.5 p.r. P.b.k. at 270 nm in N20-satd. soln. contg. 79A304 
UH 0.001 mol L-1 Ag+ and (1-9) x 10-2 mol 

L-1 NH3;kr =8x 107 Lmol-1 S-I. 

1.12 Nitrilotriacetatoargentate(m 
1.12.1 First-order reaction 

Ag(lI)NTA 2 x 103 s-1 10.7 p.r. O.k. in N20-satd. soln. contg. AgCI04 and 80A307 
NTA; decay suggested to occur by 
intramolecular oxidation. 

1.13 EthylenediaminetetraacetatoargentateCm 

1.13.1 First-order reaction 

Ag(I1)EDTA -+ 8 S-1 11.0 p.r. D.k. in N20-satd. soln. contg. AgCI04 and 80A307 
EDTA; decay suggested to occur by 
intramolecular oxidation. 

1.14 Silver(ll)-succinate complex 

1.14.1 First-order reaction 

Ag(II)('"02CCH2CH2C02 -) 2 x 102 s-l 5.6 p.r. D.k. in N20-satd. soln. contg. AgCI04 and 80A307 
succinio acid; decay suggested to occur by 

intramolecular oxidation. 
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TABLE 2. Rate constants for aluminum transients 

No. Reaction 

2.1 Aluminum(Ill) sulfophthalocyanine, radical anion 

2.1.1 Oxygen 

[AI(pts»)," + O2 ~ AI(pts) + O2'-

2.1.2 4-Aminophenoxyl 

[Al(pts)]'" + 4-H2NC6H40' + H+ ~ 
Al(pts) + 4-H2NC6H40H 

7 

7 

t(°C) Method Comment Ref. 

f.p.lrq O.k. in soln. contg. AI(pts) and 5 x 10-3 89R092 
mol L -1 4-aminophenol (RQ) and varied 
[02J· 

f.p.lrq O.k. in Nrsatd. soln. contg. AI{pts) and 89R092 
10-4 mol L -1 4-aminophenol (RQ). 
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TABLE 3. Rate constants for gold transients 

No. Reaction k (L moI- 1 S-I) pH t(OC) Method Comment Ref. 

3.1 Dicyanoaurate{O) ion 

3.1.1 First-order reaction 

Au(CNh2- ~ Auo + 2 CW" t 6.7 X 103 s-1 9.5 p.r. D.k. at 420 run in soln. contg. 1 x 10-5 89A31O 
mol L-1 KAu(CNh and 0.1 mol L-1 2_ 
PrOH. 

t Different d.k. have been reported for the 
same species, see following entry. 

3.1.2 Dicyanoaurate(O) ion 

Au(CNh2- + Au(CNh2- ~ t 3.2 X 109 11 p.r. D.k. at 410 nm in soln. contg. 0.5 and 1 x 680302 
10-4 mol L-1 KAu(CNh, 0.002 mol L-1 

MeOH and 0.001 mol L-1 NaOH. Undear 
whether k or 2k. 

t 2.9 x 109 13 p.r. D.k. at 410 om in solo. cootg. KAu(CNh 680302 
and 0.098 mol L-1 H2. Unclear whether k 
or2k. 

t Different d.k. have been reported for the 
-same species, see previous entry. 

3.1.3 Ferricyanide ion 

Au(CNh2- + Fe{CN)63- ~ 5.5 X 108 p.r. D.k. at 410 om. 680302 

3.1.4 Nitrous oxide 

Au(CNh 2- + N20 ~ 5.5 X 108 p.r. D.k. at 410 om. 680302 

3.1.5 Oxygen 

Au(CNh2-+02 ~ 3.6 x 109 p.r. D.k. at 410 nm. 680302 

3.2 Hydrogen dicyanoaurate(O) ion 

3.2.1 Hydrogen ion 

Au(CNhH- + H+ ~ Au(CNhH2 5.9 x 1010 -4.5-5 p.r. D.k. at 420 nm in soln. contg. 8 x 10-4 89A31O 
mol L-1 KAu(CNh, 0.1 mol L-1 2-PrOH 
and -(1-3) x 10-5 mol L -1 H+. 

3.3 Dihydrogen dicyanoaurate(O) 

3.3.1 First-order reaction 

Au(CNhH2 ~ t 5.3 X 104 S-1 p.r. O.k. at 260 nm in soln. contg. 3.6 x 10-5 

mol L-1 KAu(CNh and 5 x 10-3 mol L-1 
89A31O 

tert-BuOH. 

t Different d.k. have been reported for the 
same species. see following entry. 

3.3.2 Dihydrogen dicyanoaurate(O) 

Au(CNhH2 + Au(CNh H2 ~ t 5.0x 109 2 p.r. O.k. at 270 om in soln. contg. KAU(CN)2 680302 
and MeOH or under 110 atm. H2• Unclear 
whether k or 2k. 

t Different d.k. have been reported for the 
same species, see previous entry. 

3.4 Dicyanohydroxyaurate(m ion 

3.4.1 Dicyanohydroxyaurate(II) ion 

(OH)Au(CNh + (OH)Au{CNh 2.5 x 108 7-10 p.r. O.k. at 270 nm in N20-satd. soln. contg. 91A018 
Au(CN);,: - + (OHhAu(CNh- 5 x 10-4 mol L-1 Au(CNh-, Unclcar 

whether k or 2k. Au(IIl) product reported 
to undergo H20 elimination, k == 9.5 s-l, 
to give O=Aulll(CNh . 
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TABLE 3. Rate constants for gold transients - Continued 

No. Reaction k(Lmol-1 s-I) pH t(°C) Method Comment Ref. 

3.4 Dicyanohydroxyaurate(m ion - Continued 

3.4.2 Hydrogen ion 

(OH)Au(CNh - + H+ -+ 2.1 X 1010 -4.5-5 p.r. D.k. at 270 nm and condy. change in 9lA018 
[(OH)Au(CNh]lf+ N20-satd. soln. contg. 5 x 10-4 mol L-1 

Au(CNh- and -(1-3) x 10-5 mol L -I W. 
Product reported to undergo HCN 
elimination, k = 4.8 S-1 at pH 4.4. 

3.5 Dicyano(hydroxy)aurate(m ion, protonated 

3.5.1 . Dicyano(hydroxy)aurate(II) ion, protonated 

[(OH)Au(CNh]lf+ + 1.0 X 109 4.6 p.r. D.k. at 270 nm and candy. change in 91A018 
[(OH)Au(CNh]lf+ -+ Au(CNh - + N20-satd. soln. contg. 5 x 10-4 mol L-I 

[(OHhAu(CNh]lf+ + H+ Au(CNh -. Unclear whether k or 2k. 

3.6 Gold(m 

3.6.1 Gold(II) 

Au(Il) + Au(II) -+ 1.4 x 109 2 20 p.r. D.k. at 270 nm in soln. contg. 5.0 x 10-5 700580 
mol L-1 NaAuCI4 and 0.01 mol L-1 

HCI04• In the presence of 0.12 mol L- I 

NaCI04 k = 1.5 X 109 L mol-I s-I. 

&.6 x 108 2 '0 pr Die at 270 nm in Sooln. conte. 5.0 X 10-5 700580 
mol L-1 NaAuC14• 0.01 mol L-1 HCI04 
and 0.001 mol L-1 Cl-. In the presence of 
0.12 mol L -1 NaCI04 k = 1.2 X 109 L 
mor l S-I. 

2.7 x 108 2 20 p.r. D.k. at 270 nm in soln. contg. 5.0 x 10-5 700580 
mol L-1 NaAuC14, om mol L-1 HCI04 
and 0.01 mol L-1 cr. 

2.5 x 107 2 20 p.r. D.k. at 270 nm in soln. contg. 5.0 x 10-5 700580 
mol L -I NaAuCI4,0.01 mol L -1 HCI04 
and 0.1 mol L-1 Cr. 

2.4 x 108 2 p.r. D.k. at 330 nm in soln. contg. Au(CNh-, 680302 
N20 and 0.01 mol L-1 HCI. Unclear 
whether k or 2k. 

4.8 x 108 4,7 p.r. D.k. at 330 nm in soln. contg. HAuCI4• 680302 
MeOH and om mol L -1 KCl. Unclear 
whether k or 2k. 
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TABLE 4. Rate constants for bismuth transients 

No. Reaction pH t(°C) Method Comment Ref. 

4.1 Bismuth(m ion 

4.1.1 Bisinuth(lI) ion 

Bi2+ + Bi2+ -> 

4.1.2 Hydroxyl 

Bi2+ + 'OH -> Bi3+ + OR" 

4.1.3 Perhydroxyl 

Bi2+ + H02' + H+ 4 Bi3+ + H20 2 

4.2 Hydroxymethylbismuth(IV) ion 

4.2.1 First-order reaction 

BiCH20H3+ ~ 

4.3 I-Hydroxyethylbismuth(IV) ion 

4.3.1 First-order reaction 

BiCH(CH3)OH3+ ~ 

2.5 X 108 

2.5 X 109 

4.4 1-Hydroxy-1-methylethylbismuth(IV) ion 

4.4.1 First-order reaction 

BiC(CH3hOH3+ -> 

4.5 2-Hydroxy-2-dimethylethylbismuth(IV) ion 

4.5.1 First-order reaction 

BiCH2C(CH3hOH3+ -> 

4.6 Carboxybismuth(IV) ion 

4.6.1 First-order reaction 

BiCOOH3+ -> 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

-1.5 p.r. 

-1 fir. 

::;;0 p.r. 

-1.5 p.r. 

::;;0 p.r. 

::;;0 p.r. 

::;;0 p.r. 

::;;0 p.r. 

::;;0 p.r. 

D.k. in Ar-satd. soln. contg. 0.001 mol 761233 
L-1 Bi(OAch· 

DJc in aerated ~oln. contg. 0.01 mol L-1 761233 
BiCI3· 

D.k. in Ar-satd. soln. contg. 1-5 mol L-1 88A493 

HCI04· 

D.k. in aerated soln. contg. 0.001 mol 761233 
L-1 Bi(OAc)3' 

D.k. in Ar-satd. soln. contg. 1-5 mol L-1 88A493 
HCI04 and MeOH. 

D.k. in Ar-satd. soln. contg. 1-5 mol L -I 88A493 
HCI04 and EtOH. 

D.k. in Ar-satd. soln. contg. 1-5 mol L -I 88A493 
HCl04 and 2-PrOH. 

D.k. in Ar-satd. soln. contg. 1-5 mol L-1 88A493 
HCI04 and tert-BuOH. 

D.k. in Ar-satd. soln. contg. 1-5 mol L-1 88A493 
HCI04 and HC02H. 
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TABLE 5. Rate constants for cadmium transients 

N'j. Reaction k (L mol-I s-I) pH I(°C) Method Comment Ref. 

:S.l Cadmium(1) ions 

~.J.1 Codmium(l) ions 

Cd+ + Cd+ -4 cdl+ 2..1 X 109 p.r. D.k. in soln. contg. Cd(CI04h and lert- 88AI24 
BuOH; value cor. for £ = 1.4 x 104 L 
moI-1 cm-I [92A182]. 

1.5 x 109 p.r. D.k. at 300 run and condy. change in 
soln. contg. 5 x 10-4 mol L-I CdS04 

751064 

and MeOH, EtOH or 2-PrOH; value 
obtained by computer fit. 

2.5 x 109 p.r. D.k. in Ar-satd. soln. contg. 1 x 10-3 751153 
mol L-I Cd2+ and 0.025 mol L-1 EtOH, 
ethylene glycol or lert-BuOH. 

5.1.2 Hydroxyl 

Cd+ + 'OH -4 Cd2+ + OIl'" -1.3 x 1010 25 p.r. D.k.; value cor. fore= 1.4 x 104 L 751027 
mol-I cm-l [92A182]. 

2 x 1010 p.r. D.k. at 300 nm, p.b.k. at 240 nm and 751064 
candy. change in soln. contg . .:'5 x 10-4 
mol L -1 CdS04; value obtained by 
computer fit. 

5.1.3 Hydroxymetbyl 

Cd+ + 'CH20H -+ CdCH20W 2x 108 p.r. D.k. at 300 nm, p.b.k. at 240 nrn and 751064 
candy. change in soln. contg. 5 x 10-4 
mol L -I CdS04 and MeOH; value 
obtained by computer fit. 

5.1.4 1.Hydroxyethyl 

Cd+ + CH3CHOH -4 CdCHOHCH3 + 1.3 X 109 p.r. D.k. at 300 nm, p.b.k. at 240 nm and 751064 
condy. change in soln. contg. 5 x 10-4 
mol L -1 CdS04 and ntOII; value 

obtained by computer fit. 

5.1.5 1.Hydroxy.1·methylethyl 

Cd+ + (CH3hCOH -+ 2.4 x 109 p.r. D.k. at 300 nm, p.b.k. at 240 nm and 751064 
CdC(CH3)20H+ condy. change in soln. contg. 5 x 10-4 

mol L -I CdS04 and 2-PrOH; value 
obtained by computer fit. 

S.1.6 2.Hydroxy.2,2.dimf!'thylpthyl 

Cd+ + 'CH2C(CH3hOH -+ Cd2+ + -I X 109 p.r. D.k. at 300 nm. p.D.k. at 240 nm and 751064 
CH2=C(CH3h + OW condy. change in soln. contg. 5 x 10-4 

mol L-l CdS04 and 0.5 mol L-t tert· 
BuOH; k(Cd.l2+ + ·CH.lC(CH3).l0H -+ 

Cd+ + Cd2+ + (CH3)2C--CH2 + OW) = 
-1 x 109 Lmol-l S-I; bOth values 
obtained by computer fit. 

5.1.7 Carbon dioxide radical anion 

Cd+ + CO2'- -+ CdO + CO2 2x 109 p.r. D.k. in deaerated soln. contg. 5 x 10-4 92N098 
mol L-1 Cd(CI04h and 10-3 mol L-1 

formate. 
5.1.8 Bromate ion 

Cd+ + Br03- ~ 1.3 x 108 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-t CdS04.O.OO1 mol L-I MeOH and' 
varied [Br03"'1: studied at 3·90 °C. Eo. = 
13.4 kJ morl [701228]. 

5.1.9 Tris( etbylenediamine)cobalt(lTI) ion 

Cd+ + Co(enh3+ -4 Cd2+ + Co(en)/+ 1.6 x 107 .)·6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
L-l CdS04• 0.001 mol L-1 MeOH and 
(0.5·3.0) x 10-4 mol L-1 complex. 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction k (L morl s-I) pH t(°C) Method Comment Ref. 

S.1 Cadmium(1) ions - Continued 

C;_LlO r.i.fI-ni~hlorohi,,(ethylenediamine)cohaltan) ion 

Cd+ + cis-Co(enhC12 + -I> Cd2+ + 2.3 X 109 5"() 0.08 p.r. D.k. at 350 nm in soln. contg. 0.02 mol 690428 
cis-Co(enhCI 2 L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.11 trans-Dichlorobis(ethylenediamine)cobalt(Ill) ion 

Cd+ + trans-Co(enhCI2 + ~ Cd2+ + 2.6 X 109 5-6 0.08 p.r. O.k. at 350 nm in soln. contg. 0.02 mol 690428 
trans-Co(en)2CI2 L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.12 Carbonatobis( ethylenediamine)cobaIt(Ill) ion 

Cd+ + Co (enhC03 + -I> Cd2+ + 6.7 x 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(enhC03 L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-:3.0) x 10-4 mol L-1.;omplex.. 

5.1.13 cis-Bis(ethylenediamine)diftuorocobalt(III) ion 

Cd+ + cis-Co(en)2F2 + -I> Cd2+ + 6.0 X 108 5·6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
cis-Co(en),F'] L-1 CdSO.t, 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L -1 complex. 

5.1.14 Aquabis( ethylenediamine )ftuorocobalt(Ill) ion 

Cd+ + Co(enh(H20)F2+ -I> Cd2+ + 4.1 X 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(en}z(H2O)P L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.15 cis-Amminechlorobis( ethylenediamine )cobaIt(III) ion 

Cd+ + cis-Co(enh(NH:l)CI2+ ~ Cd2+ 1.8 x 109 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
+ cis-Co(enh<NH3)Cl+ L-1 CdS04.O.OOI mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.16 cis·Nitroamrninebis( ethylenediamine )cobalt(llI) ion 

Cd'" + CiS-CO(en)2(NH3)N022 ... -> 2.8 X 109 5-6 0.08 p.r. D.k. at 3'0 nm In soln. comg. 0.02 mol 690428 
Cd2+ + cis-Co(enh(NH3)N02 + L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.17 Hexaarnminecobalt(III) ion 

Cd+ + Co(NH3)63+ -I> Cd2+ + 
Co(NH3)62+ 

1.7 X 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 
L-1 CdS04.O.OOI mol L-1 MeOH and 

690428 

(0.5·3.0) x 10-4 mol L-1 complex. 

;.1,18 ~nhUlmmi",,(hromo)eoblllt(ln) ion 

Cd+ + Co(NH3)SB~+ -I> Cd2+ + 2.5 X 109 4.0 0.08 p:r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH3)sBr+ L -1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.19 Pentaammine(chloro)cobalt(III) ion 

Cd+ + Co(NH3)sCI2+ -1>' Cd2+ + 2.2 X 109 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH3)sCI+ L-1 CdS04, 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.20 Pentaammine(cyano)cobaIt(III) ion 

Cd+ + Co(NH3)s(CN)2+ ~ Cd2+ + 9.1 X 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH3)s(CNt L-1 CdS04, 0.001 mol L-1 MeOH and 

(0.5-3.0) x }O-4 mol L -I .;omplex.. 

5.1.21 Pentaammine(fluoro )cobalt(Im ion 

Cd+ + Co(NH3)sF2+ -I> Cd2+ + 5.4 x 108 5·6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH'I)sP L-1 CdSOIl, 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.22 Pentaammine(fumarato )cobaU(III) ion 

Cd+ + Co(NH3),fumarate+ ~ Cd2+ + 8.3 X 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH3hfumarate L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 
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TABLE 5. Rate constants for cadmium transients - Continued 

N[l. Reaction pH t(°C) Method Comment Ref. 

~.t Cadmium(1) ions - Continued 

5.1.23 Pentaammine(aqua)cobalt(Ill) ion 

Cd+ + Co(NH3h(H20)3+ - Cd2+ + 6.2 x 108 4.0 0.08 
Co(NH3)s(H20)2+ 

p.r. O.k. at 310 nm in soln. contg. 0.02 mol 690428 
L-1 CdS04.O.001 mol L-1 MeOH and 
(0.5-3.0) x 10-4 mol L -I complex. 

5.1.24 Pentaammine(hydroxy)cobalt(Ill) ion 

Cd+ + Co(NH3)sOH2+ - Cd2+ + 9.0 X 108 7J 0.08 p.r. O.k. at 310 run in soln. cootg. 0.02 mol 690428 
Co(NH3)sOH+ L-1 CdS04.O.OO1 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.25 Pentaammine(azido)cobalt(lll) ion 

Cd+ + CO(NH3)s(N3)2+ - Cd2+ + lAx 109 5-6 0.08 p.r. O.k. at 350 nm in soln. contg. 0.02 mol 690428 
Co(NH3)s(N3t L-1 CdS04.O.OO1 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L-1 complex. 

5.1.26 Pentaammine(thiocyanato-N)cobalt(lll) ion 

Cd+ + Co(NH3)s(NCS)2+ -+ Cd2+ + 1.3 X 109 5-6 0.08 p.r. O.k. at 350 nm in soln. contg. 0.02 mol 690428 
Co(NH3)s(NCSt L-1 CdS04.O.OOI mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L -I complex. 

5.1.27 (Acetato)peiltaamminecobalt(lII) ion 

Cd+ + Co(NH3ls(OAc)2+ - Cd2+ + 9.0 X 107 5-6 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol 690428 
Co(NH3>s(OAct L-1 CdS04• 0.001 mol L-1 MeOH and 

(0.5-3.0) x 10-4 mol L -I complex. 

5.1.28 Jl-Amido-Jl-5uperoxidotetrakis(ethylenediamine)dicobalt(lll) ion 

Cd+ + NH2[Co(enhh<02)4+ - Cd2+ 4x 109 p.r. O.k. at 310 om and p.b.k. at 380 nm in 80A069 
+ NH2[Co(enhM0 2)3+ soln. contg. 0.02 mol L -I CdS04 and 

O.oI mol L-1 MeOH; an intermediate. 
Cd(lI) adduct fonns the peroxo 
complex with k = 2.4 X 103 s-I. 

5.1.29 Hexaamminebis{Jl-hydroxY)-Jl-(trifluoroacetato)dicobaU(ID) ion 

Cd+ + CF3C02[CO(NH3hh(OHh3+ 4.1 X 108 22 p.r. n.k. in Ar-satd. soln. contg. 0.1 mol L-1 83Al40 
-+ CdS04 and 0.1 mol L -I tert-BuOH. 

5.1.30 Hexolllllmine-.... -( difluoroQcetoto )bis{J.l-hydroxy)dieobolt(lll) ion 

Cd+ + CHF2C02(CO(NH3>Jh(OHh3+ 3.6 X 108 22 p.r. n.k. io Ar-satd. solo. contg. 0.1 mol L-1 83Al40 
CdS04 and 0.1 mol L -I len-BuOH. 

5.1.31 Hexaammine-Jl-(fluoroacetato )bis{Jl-hydroxy)dicobalt(lll) ion 

Cd+ + CH2FCc 2{Co(NH3hh<OHh3+ 3.0x 108 22 p.r. n.k. in Ar-satd. soln. contg. 0.1 mol L-1 83Al40 
-+ CdS04 and 0.1 mol L-1 tert-BuOH. 

5.1.32 Jl-Acetatohexaamminebis(ll-hydroxy)dicobalt(lll) ion 

CdT + CH3C02[Co(NH3hMOH)l'" 2.2 x lOa 22 p.r. n.k. in Ar-satd. soln. contg. 0.1 mol L-) 83Al40 
-+ CdS04 and 0.1 mol L -I ten-BuOH. 

5.1.33 Tris(2,2' -bipyridine)chromium(lll) ion 

Cd+ + Cr(bpyh3+ ..... Cd2+ + l.S:x 109 -7 23 p.r. D.k. at 310 nm in coIn. contg. 0.1 mol 87A309 
Cr(bpYh2+ L-1 tert·BuOH, 0.01 mol L-1 CdS04 

and varied concentrations Cr complex. 

5.1.34 'Ii'is(1,lO-phenanthroline)chromium(Ill) ion 

Cd+ + Cr(phen}3 3+ _ Cd2+ + l.7 X lO9 -7 23 p.r. O.k. at 310 nm in soln. contg. 0.1 mol 87A309 
Cr(phen)32+ L-1 tert-BuOH, 0.01 mol L -I CdS04 

and varied concentrations Cr complex. 

5.1.35 Bis(2,2'-bipyridine)oxalatochromium(lll)ion 

Cd+ + Cr(bPYh(C20 4)+ - Cd2+ + 2.3 X lO9 -7 23 p.r. O.k. at 310 nm in soln. contg. 0.1 mol 87A309 
Cr(bpyMC20 4) L-1 tert-BuOH, 0.01 mol L-1 CdS04 

and varied concentrations Cr complex. 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction k (L mol-I s-l) pH t(°C) Method Comment Ref. 

5.1 Cadmium(1) ions - Continued 

5.1.36 Bis(1,10-pbenanthroline)( oxalato )chromium(lll) ion 

Cd+ + Cr(phenh(C20 4t -+ Cd2+ + 2.5 X 109 -7 23 p.r. O.k. at 310 nm in soln. contg. 0.1 mol 87A309 
Cr(phenh(C20 4) L-I tert-BuOH, 0.01 mol L-I CdS04 

and varied concentrations Cr complex. 

5.1.37 2,2'-Bipyridinebis( oxalato )chromate(lU) ion 

Cd+ + Cr(bpy)(C20 4h - -+ Cd2+ + 2.2 X 109 -7 23 p.r. D.k. at 310 nm in soln. contg. 0.1 mol 87A309 
Cr(bpy)(C20 4h2- L-I tert-BuOH, 0.01 mol L-1 CdS04 

and varied concentrations Cr complex. 

5.1.38 Bis( oxalato )phenanthrolinechromate(llI) ion 

Cd+ + Cr(phen)(C20 4h - -+ Cd2+ + 2.4 X 109 -7 23 p.r. O.k. at 310 nm in soln. contg. 0.1 mol 87A309 
Cr(phen)(C20 4h2- L-1 tert-BuOH, 0.01 mol L-I CdS04 

amI varied cuncentnnions Cr complex. 

5.1.39 Chromate(Vl) ion 

Cd+ + crOi- -+ 9.8x 109 0.02 25 p.r. O.k. in soln. contg. Cd2+. 761072 

5.1.40 Dichromate(VI) ion 

Cd+ + Cr20l--+ 1.6 x 1010 0.02 25 p.r. O.k. in soln. contg. Cd2+. 761072 

5.1.41 Copper(ll) ion 

Cd+ +Cu2+ ~ 1.2 x 108 0.08 p.r. D.k. At 313 nm in coIn. oontS. 0.02 mol 68GRS5 
L-1 CdS04, 0.001 mol L-1 MeOH and 
varied [Cu2+]. 

5.1.42 Hydrogen peroxide 

Cd+ + H20 2 -+ Cd2+ + 'OH + mr 2.2 x 109 25 p.r. O.k.; Ea = 9.2 kJ mol-I. 761072 

1.6 x 109 p.r. O.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-J CdS04 andO.001 mol L-J MeOH. 

5.1.43 Iodate ion 

Cd+ + 103--+ 2.3 X 109 0.08 p.r. O.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-1 CdS04, 0.001 mol L-1 MeOH and 
varied [I03l. 

5.1.44 Permanganate ion 

Cd+ + Mn04' -+ Cd2+ + MnOl- 7.8 x 109 7.0 -22 p.r. O.k. in Ar-satd. soln. contg. -1 mol L -I 731104 
tert-BuOH. 

1.3 x 1010 -20 p.r. D.k. in denerated soln. oontg. 0.64, 650385 
1.35, or 2.25 x 10-3 mol L -I Cd2+ and 1 
x 10-5 mol L -I Mn04-. 

5.1.45 Nitrite ion 

Cd+ + N02--+ 2.0 X 109 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-I CdS04, 0.001 mol L-1 MeOH and 
varied [N02l; studied at 3-90 °e. Ea = 
12.5 kJ mol-I [701228]. 

5.1.46 Nitrate ion 

ed+ + N03- -+ 3.5 x 108 0.08 p.r. O.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-I CdS04,0.001 mol L- I MeOHand 
varied [NOJ-l~ 

5.1.47 Nitrous oxide 

Cd+ + N20 -+ CdO+ + N2 3.5 X 106 25 p.r. O.k. in N20-satd. soln.; Ea = 45.6 kJ 761072 
mori. 

$2 x 106 p.r. O.k. at 313 nm in soIn. contg. I mol L-I 68G855 
CdS04, 0.001 mol L-1 MeOH and 
varied [N2O]. 

5.1.48 Oxygen 

Cd+ +02 ..... 3.6 x 109 25 p.r. O.k. in 0Tsatd. soln. contg. 0.1 mol L-1 

Cd2+ and 0.1 mol L-1 formate ion. 
761072 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1079 

TABLE 5. Rate constants for cadmium transients - Continued 

~~.J {1, Reaction k (L mol-I s-I) pH t(OC) Method Comment Ref. 

"\,1 Cadmium(1) ions - Continued 

;t;.l.48 Oxygen - Continued 

2.4 x 109 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol 68G855 
L-1 CdS04, 0.001 mol L-1 MeOH and 
varied [02], 

3.3 x 109 18 p.r. D.k. 66AOO1 

5 . .1.49 Lead(II) ions 

Cd+ +Pb2+ ~ 7.5 X 108 p.r. D.k. 66A001 

5.1.50 Hexaammineruthenium(III) ion 

Cd+ + Ru(NH3)63+ ~ Cd2+ + 2.2 X 109 0.08 p.r. D.k. in soln. contg. 0.02 mol L -I CdS04 701229 
Ru(NH3)i+ and (0.5-10) x 10-4 mol L-1 

RIl(NH3)/+· 

S.1.51 Tris(2,2' -hipyridine)ruthenium(II) ion 

Cd+ + Ru(bpyh2+ ~ Cd2+ + 6.1 X 108 5.9 24 p.r. P.b.k. at 510 nm in soln. contg. 4.0 x 78A002 
Ru(bpyh+ 10-5 mol L-1 Ru(bpyh2+ and 0.03 mol 

L-1 CdS04· 

771093 

5.1.52 Tris(2,2' -bipyridine)ruthenium(III) ion 

Cd+ + Ru(bpYh3+ ~ Cd2+ + 2.8 X 109 4.6 24 p.r. P.b.k. at 455 nm in Ar-satd. soln. contg. 78A070 
Rll(hPY)32+ O-R»( 10-4 mnl T .-1 Rn(hPYh3+. 0'\ 

mol L-1 tert-BuOH and 05mol L-1 

CdS04· 

5.1.53 Peroxodisulfate ion 

Cd+ + s20l- ~ Cd2+ + S04'- + 2.4 X 109 0.02 25 p.r. D.k. in deaerated soln. contg. 0.01 mol 761072 
soi- L-I CdS04 and (0.5-10) x 10-4 mol L-1 

s20 l-· 
5.1.54 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatozincate(II) ion 

Cd+ + ZnTPPS4- ~ [ZnTPPSr5- + 1 x 1010 
Cd2+ 

p.r. P.b.k. in deaerated soln. 82A279 

5.1.55 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatozincate(II) ion, triplet state 

Cd+ + 3(ZnTPPS4-)* ~ [ZnTPPSr5- I x 1010 p.r. P.b.k. in deaerated soln. Combined 82A279 
+Cd2+ pulse radiolysis and photolysis. 

5.1.56 Acetophenone 

rrl+ +.C-<;HsrOC'H3 ~ C'02+ + 2.")( 108 pT C.l:: in Ar-~atd. ~oln. contg. 0.1 mol L-1 93A362 
C6H5CO-CH3 tert-BuOH, Cd(CI04)2 and 

acetophenone. 

5.1.57 9,10.Anthraquinone 

Cd+ + AQ ~ Cd2+ + {AQ)'- l.Ox 109 7.0 -22 p.r. P.b.k. in Ar-satd. soln. contg. CdS04 731104 
and -I mol L-J tert-BuOH. 

5.1.58 Benzil 

Cd+ + C6!l5COCOC6H5 ~ Cd2+ + 2.1 X 109 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 93A362 
C6HsCOCO-C6Hs terl-BuOH, Cd(Cl04>2 and benzil. 

5.1.59 Benzophenone 

Cd+ + {C6HshCO ~ Cd2+ + 1.2 X 109 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 mol 93A362 
(C6HS)2CO- L-1 terl-BuOH, Cd(CI04h and 

benzophenone. 

1.0 x 109 7.0 p.r. P.b.k. in soln. contg. 5 x 10-3 mol L-1 751032 
CdS04,5 x 10-5 mol L-1 

benzophenone. -1 mol L -I lert-BuOH 
and 0.001 mol L-1 phosphate. 

5.1.60 1,4-Benzoquinone 

Cd+ + Q -+ Cd2+ + Q'- 3.9 x 109 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 mol 93A362 

L-1 tert-BuOH, Cd(CI04h and 
benzoquinone. 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction k(Lmol-1 s-l) pH t(°C) Method Comment Ref. 

5.1 Cadmium(1) ions - Continued 

5.1.60 1,4-Benzoquinone - Continued 

4.1 x 109 5.4 25 p.r. P.b.k. at 430 nm in soln. contg. 0.01 761134 
mol L -1 CdS04, 1 mol L -1 tert-BuOH 
and (2-4) x 10-5 mol L-1 benzoquinone. 

4.4 x 109 7.0 p.r. P.h.k. in soln. contg. 5 x 10-3 mol L-1 751032 
CdS04, 5 x 10-5 mol L-1 

benzoquinone, -1 mol L-1 tert-BuOH 
and 0.001 mol L-1 phosphate. 

5.1.61 4,4' -Dimethoxybenzophenone 

Cd+ + (4-CH30C;6H4hCO -+ Cd2+ + 8 X 108 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 93A362 
(4-CH3OC6H4hCO- tert-BuOH, Cd(Cl04h and 4,4'-

dimethoxybenzophenone. 

5.1.62 Duroquinone 

Cd+ + DQ -+ Cd2+ + [DQr- 2.0x 109 p.r. P.h.k. in Ar-satd. soln. contg. 0.1 mol 93A362 
L -I tert-BuOH, Cd(Cl04h and 
duroquinone. 

5.1.63 9-Fluorenone 

Cd+ + C13HSO -+ Cd2+ + [C13HSOr- 1.8 x 109 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 mol 93A362 
L-1 tert-BuOH, Cd(Cl04h and 
fluorenone. 

5.1.64 2.Hydroxy-l,4-naphthoquinone 

Cd+ + 2-(OH)NQ -+ Cd2+ + 3.6 X 109 7.0 -22 p.r. P.b.k. in Ar-satd. soln. contg. CdS04 731104 
{2-(OH)NQr- and -1 mol L-1 tert-BuOH. 

5.1.65 2-Methyl-l,4-naphthoquinone 

Cd+ + 2-CH3NQ -+ Cd2+ + 4.7 X 109 7.0 -22 p.r. P.h.k. in soln. contg. 5 x 10-3 mol L-1 731104 
[2-CH3NQr- CdS04,5 x 10-5 mol L-1 2- 731047 

methylnaphthoquinone, -1 mol L-1 751032 
tert-BuOH and 0.001 mol L-1 

phosphate. 

5.1.66 Nicotiuamide adeniue dinucleotide 

Cd+ + NAD+ -+ Cd2+ + NAD' 2.9 x 109 7.0 -22 p.r. P.b.k. in Ar-satd. soln. contg. CdS04 731104 
and -1 mol L-1 tert-BuOH. 

5.1.67 1,4·NaphthoQuinone-2-sulfonate ion 

Cd+ + 2-S03NQ- -+ Cd2+ + 7.4 x lO9 7.0 -22 p.r. P.h.k. in Ar-satd. soln. contg. CdS04 731104 
[2-S03NQr2

- and -I mol L-1 tert-BuOH. 

5.1.68 N,N-Dimethyl-4-nitrosoaniline 

Cd+ + 4-Me2NC6H4NO -+ -l.4x IOLU p.r. D.k. at 440 nm in Ar-satd. soin. contg. 680066 
Cd2+. 

5.1.69 Riboflavine 

Cd++RP > Cd2+ + [RJ'),- 5.1 x 109 7.0 -22 p.r. P.h.k. in Ar-satd. soln. contg. CdS04 731104 
and -1 mol L-1 tert-BuOH. 

5.2 1,4,1 O~ Trioxa-7 ,13-diazacyclopentadecanecadmium(l) ion 

5.2.1 Benzil 

Cd+ 21 + C6HsCOCOC6HS 2.2 x 109 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 93A362 
C6H5COCO-C6Hs + Cd2+ 21 tert-BuOH, coronand (21), Cd(CI04h 

and benzil. 

5.2.2 Benzophenone 

Cd+ 21 ~ (C6H5hCO -+ Cd2+ 21 + 1.3 x 109 p.r. P.h.k. in Ar-satd. soin. contg. 0.1 mol 93A362 
(C6HshCO- L-1 tert-BuOH, caron and (21), 

Cd(CI04h and bcnzophcnonc. 
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TABLE 5. Rate constants for cadmium transients - Continued 

.. ~-================================= 
No. Reaction k(Lmo]-1 s-l) pH t(°C) Method Comment Ref. 

5.2 1,4,10-Thioxa-7 ,13-diazacyclopentadecanecadmium(I) ion - Continued 

5.2.3 4,4'-Dimethoxybenzophenone 

Cd+ 21 + (4-CH30C6H4hCO ~ 
(4-CH30C6H4hCO- + Cd2+ 21 

5.2.4 Duroquinone. 

Cd+ 21 + DQ ~ Cd2+ 21 + [DQr-

8x 108 

5.3 1,4,10,13-Tetraoxa-7 ,16-diazacycloctadecanecadmium(I) ion 

5.3.1 Acetophenone 

Cd+ 22 + C(jH:JCOCHJ --. Cd2+ 22 + 
C6HsCO-CH3 

5.3.2 Benzil 

Cd+ 22 + C6H.5COCOC6H:; -+ 

C6HsCOCO-C6Hs + Cd2+ 22 

5.3.3 Benzophenone 

Cd+ 22 + (C6HshCO -+ Cd2+ 22 + 
(C6HshCO-

5.3.4 4,4'-Dimethoxybenzophenone 

Cd+ 22 + (4-CH30C6H4hCO -+ 

(4-CH30C6H4hCO- + Cd2+ 22 

5.3.5 Duroquinone 

Cd+ 22 + DQ ~ Cd2+ 22 + [DQr-

5.3.6 9-F1uorenone 

Cd+ 22 + C13H80 -+ Cd2+ 22 + 
[C13H80r-

1.6 X lO!;! 

4.7 X 108 

5.4 4,7,13,16,21-Pentaoxa-l,1 0-diazabicycio[8.8.5]tricosanecadmium(I) ion 

5.4.1 Benzophenone 

Cd+ 221 + (C6HshCO -+ Cd2+ 221 + 
(C6HshCO-

!'! .... l .. , ... -Dlmethoxybenzophenone 

Cd+ 221 + (4-C~30C6H4)~~O -+ 

(4-CH30C6H4hCO- + Cd 221 

5.4.3 Duroquinone 

Cd+ 221 + DQ -+ Cd2+ 221 + [DQr-

5.4.4 9-F1uorenone 

Cd+ 221 + C 13H80 -+ Cd2+ 221 + 
[C13HsOr-

2.7 x 108 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

D.k. in Ar-satd. so]n. contg. 0.1 mol L-1 93A362 
tert-BuOH, coronand (21), Cd(C]04h 
and 4,4' -dimethoxybenzophenone. 

P.h.k. in Ar-satd. soln. contg. 0.1 mol 
L-1 tert-BuOH, coronand (21), 
Cd(CI04h and duroquinone. 

93A362 

C.k. in Ar satd. soln. contg. 0.1 mol L-1 93A362 

tert-BuOH, coronand (22), Cd(C]04h 
and acetophenone. 

D.k. in Ar-satd. solD. contg. 0.1 mol L-1 93A362 
tert-BuOH, coronand (22), Cd(CI04h 
and benzil. 

P.h.k. in Ar-satd. soln. contg. 0.1 mol 93A362 
L-1 tert-BuOH, coronand (22), 
Cd(CI04h and henzophenone. 

D.k. in Ar-satd. soln. contg. 0.1 mo] L-1 93A362 
tert-BuOH, coronand (22), Cd(CI04h 
and 4,4' -dimethoxybenzophenone. 

P.h.k. in Ar-satd. so]n. contg. 0.1 mol 
L-1 tert-BuOH, coronand (22), 
Cd(CI04h and duroquinone. 

P.h.k. in Ar-satd. soln. contg. 0.1 mol 
L-1 tert-BuOH, coronand (22), 
Cd(Cl04h and fluorenone. 

P.h.k. in Ar-satd. soln. contg. 0.1 mol 
L-1 tert-BuOH, cryptand (221), 
Cd(CI04h and benzophenone. 

93A362 

93A362 

93A362 

D.k. in Ar-satd. soln. contg. 0.1 mol L-1 93A362 
tert-BuOH, cryptand (221), Cd(CI04h 
and 4,4' -dimethoxybenzophenone. 

P.h.k. in Ar-satd. soln. contg. 0.1 mo] 
L-1 tert-BuOH, cryptand (221), 
Cd(CI04h and duroquinone. 

P.b.k. in Ar-satd. soln. contg. 0.1 mol 
L-1 rert-BuOH, cryptand (221), 
Cd(Cl04h and f1uorenone. 

93A362 

93A362 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

5.5 4,7 ,13,16,21,24. Hexaoxa-l,10-diazabicyclo[S.S.S]hexacosanecadmium(1) ion 

5.5.1 Benzophenone 

Cd+ 222.+ (C6HshCO -lo Cd2+ 222 + 1.3 x 108 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 mol 93A362 
(C6HshCO- L-I tert-BuOH, cryptand (222), 

Cd(CI04)2 and benzophenooe. 

5.5.2 Duroquinone 

Cd+ 222 + DQ -lo Cd2+ 222 + [DQ]'- 1.0 x 109 p.r. P.b.k. in Ar-satd. solo. contg. 0.1 mol 93A362 
L-I tert-BuOH, crypt and (222), 
Cd(CI04h and duroquioooe. 

5.5.3 9-Fluorenone 

Cd+ 222 + C13HSO -lo Cd2+ 222 + 1.1 x 109 p.r. P.b.k. io Ar-satd. solo. contg. 0.1 mol 93A362 
[C13HsOr- L-I tert-BuOH, crypt and (222), 

Cd(C1U4h and nuorenone. 

5.6 1,4,8,11. Tetrazacyclotetradecanecadmium(1) ion 

5.6.1 Nitrous oxide 

Cd(cyclam)+ + N2O-lo 4.5 x 107 5-7 23 p.r. D.k. in 0-36% N20-satd. soln. contg. 
004 mol L· I tert-BuOH and om mol L· I 

80A380 

Cd( cyclam)2+ . 

5.7 Ethylenediaminetetraacetatocadmate(1) ion 

5.7.1 Ethylenediaminetetraacetatocadmate(l) ion 

CdEDTA3- + CdEDTA3--lo 4x 107 11.3 0.16 p.r. D.k at 350 nm in soln. contg. 0.01 mol 701228 
L-I CdS04 and 0.02 mol L- I EDTA. 

5.7.2 Bromate ion 

CdEDTA3- + Br03--)o 8.9 x 106 11.3 0.16 p.r. D.k. at 350 om io solo. cootg. 0.01 mol 701228 
L-I CdS04• 0.02 mol L-I EDTA and 
(5-20) x lO-s mol L-I Br03-; studied at 
3-90 °C, Ea = 4.6 kJ mol-I. 

5.7.3 Iodate ion 

CdEDTA3- + 103- ~ 2.7 X lOs 11.3 0.16 p.r. D.k. at 350 nm in soln. cootg. 0.01 mol 
L-I CdS04, 0.02 mol L-I EDTA and 

701228 

(5-20) x lO-s mol L-I 103-, 

5.7.4 Hydrogen peroxide 

CdEDTA3- + H20 2 -lo CdEDTA2- + 2 X 109 11.5 p.r. D.k. in soln. cootg. CdEDTA2-. Value 80A072 
'OH+OIr obtaioed by computer fit. 

5.7.5 Nitrite ion 

CdEDTA~- + N02 - -lo 3.2 X 106 11.3 0.16 p.r. D.k. at 350 om io solo. cootg. 0.01 mol 701228 
L -I CdS04• 0.02 mol L- I EDTA and 
(5-20) x lO-s mol L -I N02-; studied at 
3-90 °C; Ea = 804 kJ mol-I. 

5.7.6 Nitrate ion 

CdEDTA3- + N03--1' 1.7 x 107 11.3 0.16 p.r. D.k. at 350 om in soln. contg. 0.01 mol 701228 
L -I CdS04.O.02 mol L -I EDTA and 
(5-20) x 10-5 mol e l N03-. 

5.7.7 Ethylenediaminetetraacetatoplumbate(II) ion 

CdEDTA3- + PbEDTA2- -)0 4 X 106 11.5 0.25 p.r. D.k.; value obtained by computer fit. 80A072 

5.S Ethylenediaminecadmium(1) ion 

5.8.1 Bromate ion 

Cd(en)/ + Br03 --lo 1.3 X lOs 11.4 0.64 p.r. D.k. at 350 om in soln. contg. 0.01 mol 701228 
L-I CdS04, 0.02 molL-1 enS04 and 
(5-20) x lO-s mol L-I Br03-' 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction k (L mOrl S-I) pH t(°C) Method Comment Ref. 

f'.H Ethylenediaminecadmium(1) ion - Continued 

S.8.2 Iodate ion 

Cd(en)n + + 103- -. 2.5 X 109 11.4 0.64 p.r. D.k. at 350 run in soln. contg. 0.01 mol 701228 
L- I CdS04,0.02 mol L-1 enS04 and 
(5-20) x 10-5 mol L -I 103-, 

5.8.3 Nitrite ion 

Cd(en)n + + N02- -. 1.1 X 109 11.4 0.64 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 701228 
L -I CdS04, 0.02 mol L-I enS04 and 
(5-20) x 10-5 mol L-1 N02-. 

5.8.4 Nitrate ion 

Cd(en)n + + N03--+ 4.5 X 108 11.4 0.64 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 701228 
L-1 CdS04, 0.02 mol L-I enS04 and 
(5-20) x 10-5 mol L-1 NO;!-. 

5.9 Glycinatocadmium(I) ion 

5.9.1 Bromate ion 

CdGly + Br03 - ..... 6.1 X 107 10.5 0.21 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 
L-1 CdS04• 0.02 mol L-1 glycine and 

701228 

(5-20) x 10-5 mol L -I Br03-. 

5.9.2 Iodate ion 

CdGly + 103 - -+ 1.8 X 109 10.5 0.21 p.r. D.k. at 350 nmin soln. contg. 0.01 mol 701228 
L-1 CdS04, 0.02 mol L-I glycine and 
(5-20) x 10-5 mol L -1 103-, 

5.9.3 Nitrite ion 

CdGly + N02 - -+ 8.5 X 108 10.5 0.21 p.r. D.k. at 350 nm in soln. contg. {WI mol 701228 
L -I CdS04• 0.02 mol L-1 glycine and 
(5-20) x 10-5 mol L-1 N02-. 

5.9.4 Nitrate ion 

CdGly + N03 - -+ 2.4 X 108 10.5 0.21 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 
L-1 CdS04, 0.02 mol L-I glycine and 

701228 

(5-20) x 10-5 mol L-1 N03-. 

5.10 Nitrilotriacetatocadmium(1) ion 

S.10.1 Nitriiotriacetatocadmium(I) ion 

CdNTA2- + CdNTA2- -+ 8 X 108 10.7 0.10 p.r. D.k. at 350 nm in soln. contg. 0,01 mol 701228 
L-1 CdS04• 0.02 mol L-1 NTA. 

5.10.2 Bromate ion 

CdNTA2- + BrOJ--4 1.0 x 107 10.7 0.10 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 
L-1 CdS04• 0.02 mol L-1 NTA and (5-

701228 

20) x 10-5 mol L-1 Br03-' 

5.10.3 Iodate ion 

CdNTAz- + 1°3--' 6.1 x 10~ 10:7 0.10 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 701228 
L -1 CdS04• 0.02 mol L -1 NTA and (5-
20) x 10-5 mol L-1 103-' 

5.10.4 Nitrite ion 

CdNTA2- + N02--+ 4.2 X 107 10.7 0.10 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 701228 
L-1 CdS04• 0.02 mol L-1 NTA and (5-
20) x 10-5 mol L-1 N02-. 

5.10.5 Nitrate ion 

CdNTA2- + N03--+ 4.5 X 107 10.7 0.10 p.r. D.k. at 350 nm in soln. contg. 0.01 mol 701228 
L-1 CdS04• 0.02 mol L -I NTA and (5-
20) x 10-5 mol L -I N03-. 
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TABLE 5. Rate constants for cadmium transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

5.11 I.Hydroxyethylcadmium(1I) ion 

5.11.1 Walt:l" 

CdCHOHCH3 + + H20 ~ Cd2+ + 
EtOH+ OH-

5.12 1-Hydroxy-l-methylethylcadmium(1I) ion 

5.12.1 Water 

CdC(CH3hOH+ + H20 ~ Cd2+ + 
2-PrOH+ OH-

p.r. 

p.r. 

5.13 5,10,15,20-Tetrakis( 4-sulfonatophenyl}porphinatocadmate(1I) radical anion 

5.13.1 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatocadmate(II) radical anion 

[CdTPPSr5- + {CdTPPS],s- ~ 5.2 x J08 12 p.r. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 

Condy. change in soln. contg. 5 x 10-4 751064 
mol L-1 CdS04 and EtOH. 

Condy. change in soln. contg. 5 x 10-4 751064 
mol L-1 CdS04 and 2-PrOH. 

D.k. in Nz-satd. so)n. contg. 0.1 mol L-1 83C026 
2-PrOH and CdTPPs4-; reaction 
suggested to be disproportionation; L1G 
=29 kJ morl. 
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TABLE 6. Rate constants for cobalt transients 

No. Reaction k(Lmor1 s-l) pH I t(°C) Method Comment Ref. 

6.1 Cobalt(1) ion 

6.1.1 Dibromine radical ion 

Co+ + Br2" -+ 2 Br- + Co2+ 1.0 X 1010 f.pJpi D.k. in deaerated soln. contg. 0.001 707726 
mol L-1 NaBrand 0.01-0.05 mol L-1 

C02+. 

6.1.2 Bromate ion 

Co+ + Br03 --+ 4.8 X 109 0.019 25 p.r. D.k. at 320 nm in deaerated soln. 761072 
7.1 x 109 -1'0 contg. 0.001 .. ,0.01 mol L-1 C02+, 0.1 

mol L-1 tert .. B~OH, 2.5 x lO-s mol 
L -1 Br03 - and 0-0.1 mol L-1 NaClO4• 

6.1.3 Cobalt(l) ion 

Co++Co+ -I' :Qx 109 0.019 25 p.r. D.k. at 370 nm in soln. contg. 0.1 mol 751027 
L-1 Co2+ and 0;1 mol L-1 MeOH, 2-
PrOH or tert-BuOH. 

6.1.4 Tris(etbylenediamine)cobalt(llI) ion 

Co+ + Co(en)33+ -I' C02+ + Co(enh2+ 2.9 x 108 -1-0 29 p.r. D.k. at 320 run in deaerated soln. 761136 
-contg. 0.01-0.05 mol L -1 CoS04, 
0.001 mol L -I MeOH and (0.5-1.0) x 
10-4 mol L-1 Co(III) complex. 

6.1.5 Hexaamminecobalt(DI) ion 

Co+ + Co(NH3>63+ -+ Co2+ + Co(NH3)63+ 3.3 X 108 -1-0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
0.05 mol L-1 CoS04, 0.001 mol L -I 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Co(lII) complex. 

6.1.6 Pentaammine(aqua)cobalt(Dl) ion 

Co+ + Co(NH3)S(HzO)3+ -I- Co2+ + 3.7 X 108 -1-0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
Co(NH3ls(H20)2+ 0.05 mol L-1 CoS04, 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Co(I1I) complex. 

6.1.7 Pentaammine(ftuoro)coba1t(DI) ion 

eo+ 4- Co(NH3),p2+ ...... Co2+ 4- Co(NH3),P 6.8 x 108 -+0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
0.05 mol L-1 CoS04• 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Co(lII) complex. 

6.1.8 Pcntaamminc( chloro)cobalt(lII) ion 

Co+ + Co(NH3)sC12+ -I- C02+ + Co(NH3)sCI+ 8.5 X 108 ...... 0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
0.05 mol L-1 CoS04, 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Cu(IIl) cumplex. 

6.1.9 Pentaammine(bromo)cobalt(lIl) ion 

Co + + Co(NH3)sB?+ ...... C02+ + Co(NH3)sBr+ 1.1 x 109 -+0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
0.05 mol L -I CoSO,,_ 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Co(IIl) complex. 

6.1.10 Tetraarnniinediaquacoba1t(llI) ion 

Co ........ CO(NH3)4(H20)zl+ ..... Co2 
........ 4.4 X 109 -0 29 p.r. D.k.ln <leaenued solo. comg. 0.01- 761136 

Co(NH3MH2Oh2+ 0.05 mol L -1 CoS04, 0.001 mol L-1 

MeOH and (0.5-1.0) x to-4 mol L-1 

Co(JII) complex. 

6.1.11 Trioxalatocobaltate(lll) ion 

Co+ + CO(C20 4)33- ...... Co2+ + Co(Cz0 4h 4- 1.8 x lOlD ...... 0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
0.05 mol L -1 CoS04• 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-1 

Co(III) complex. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k (L mol-I s-I) pH t(°C) Method Comment Ref. 

6.1 Cobalt(1) ion - Continued 

6.1.12 Trinitrotrisamminecobalt(IlI) 

Co+ + Co(NH3h(N02h -+ Co2+ + 7.6 X 109 -+0 29 p.r. D.k. in deaerated soln. contg. 0.01- 761136 
Co(NH3h(N02h- 0.05 mol L-I CoS04, 0.001 mol L-1 

MeOH and (0.5-1.0) x 10-4 mol L-I 

Co(II1) complex. 

6.1.13 2,2'-BipyridinecobaJt(ll) ion 

Co+ + Co(bpy)2+ -+ Co2+ + Co(bpy)+ 1.2 X 109 0.2 25 p.r. O.k. in deaerated soln. contg. tert- 85A034 
BuOH, C02+ and 2,2'-bipyridine. 

6.1.14 4,4' -Dimethyl-2,2' -bipyridinecobalt(Il) ion 

Co+ + Co(4,4'-Me2bpy)z+ -+ Coz+ + 1.0 X 109 0.2 25 p.r. D.k. in deaerated soln. contg. tert- 85A034 
Co( 4,4' -Mezbpy)+ BuOH, C02+ and 4,4'-dimethyl-2,2'-

bipyridioe. 

6.1.15 Copper(II) ion 

Co+ + Cu2+-+ 4.1 X 108 0.019 25 p.r. O.k. at 320 nm in soln. contg. 0.01 mol 761072 
L-1 C02+ and 0.1 mol L-I tert-BuOH. 

6.1.16 Hydrogen peroxide 

Co+ + H20z -+ C02+ + 'OH + 011 1.6 x 109 25 p.r. O.k.; studied at I-30°C, Ea = 13.0 kJ 
mol-I. 

761072 

6.1.17 Iodate ion 

Co+ + 1°3--+ 4.3 X 109 0.019 25 p.r. O.k. at 320 nm in soln. cootg. 0.01 mol 
L-I Co2+ and 0.1 mol L-1 tert-BuOH. 

761072 

6.1.18 Permanganate ion 

Co+ + Mo04 - -+ 1.0 x 1010 -0.004 20 p.r. O.k. io soln. cootg. 0.2,0.72 or 1.38 x 
10-3 mol L -I C02+ and 10-5 mol L-1 

650385 

Mo04-· 

6.1.19 Nitrous oxide 

Co+ + N20 -+ CoO+ + N2 1.0 X 109 25 p.T. D.k. at 320 om in N20-satd. solo. 
contg. 0.1 mol L -1 C02+. 

761072 

6.1.20 Nitrate ion 

Co+ + N03--+ 1.8 x 109 0.019 25 p.r. D.k. at 320 nm in solo. contg. om mol 761072 
L-1 C02+ and 0.1 mol L-1 tert-BuOH. 

6.1.21 Oxygen 

CoT +02-lo 6.0 x 1O~ 25 p.T. D.k. at 320 nm in 0z-satd; soln. contg. 761072 
0.1 mol L -1 Co2+ and 0.1 mol L-1 

formate. Evidence indicates product 
may be Co02 +. 

6.1.22 HydroxyJ 

Co+ + 'OH-+ -8 x 109 25 p.r. Estimated from decay of Co + io 751027 
absence of 'OH scavengers. 

6.1.23 P<:roxodisulfatc ion 

CO+ + S2082- -lo C02+ + S04'- + soi- 2.8 x 109 0.019 25 p.r. D.k. io deaerated solo. contg. 0.01 mol 
L-1 Co2+ and (0.S-10) x 10-4 mol L-1 

761072 

S2082-. 

6.1.24 Tris(2,2' -bipyridine)ruthenium(lI) ion 

Co+ + Ru(bpyh2+ -lo Co2+ + Ru(bpyh+ 1.8 X 109 6.9 24 p.r. P.b.k. at 510 nm in solo. contg. 1.6 or 78A002 
4.0 x 10-5 mo1 L-1 Ru(bpy)/+, 0.0025 771093 
mol L-l Co!,:04Ilncl 017 mol 1-1 tl'rt-

BuOH. 

6.1.25 Allylakohol 

Co+ + H2C=CHCH20H -+ Co(a11yl alcohol)+ -108 25 p.r. D.k. at 320 om in deaerated soln. 761072 
cootg. um mol L-1 Co2

.,., 0.0012 mol 
L-1 allyl alcohol and 1.24 mol L-1 

MeOH. 
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TABLE 6. Rate constants for cobalt transients - Continued 

Nil, Reaction k (L morl s-') pH t(°C) Method Comment Ref. 

td Cobalt(1) ion Continued 

6.1.26 9,10-Antbraqulnone 

Co I + AQ -I' co:2+ + [AQr- 1.1xlO
Q 

7.0 -22 p.r. P.h.k. at -400 nm in dctlcroted solil. 731104 
contg. -1 mol L -1 tert-BuOH and -5 x 
lO-s mol r;-1 AQ. 

6.1.27 Benzophenone 

Co+ + (C6HshCO -I' C02+ + (C6HshCO- 2.5 x 109 7.0 p.r. P.b.k. in soln. contg. -1 mol L -1 tert- 751032 
BuOH and -5 x 10-5 mol L-1 

benzophenone. 

6.1.28 1,4.Benzoquinone 

Co+ + Q -I' C02+ + Q'- 5.1 X 109 4.7 25 p.r. P.b.k. at 430 nm in deaerated soln. 761134 
contg. 1 mol L -1 tert-BuOH, 0.1 mol 
L-1 CoS04 and (2-4) x 10-5 mol L-1 

Q. 

4.8 X 109 7.0 p.r. P.h.k. in solo. cootg. -1 mol L-1 ten- 751032 
BuOH and -5 x lO-s mol L-1 Q. 

6.1.29 2-Methy)-1.4-naphthoQuinone 

Co+ + 2-CH3NQ -I' Co2
+ + {2-CH3NQr- 4.1 x 109 7.0, -22 p.r. P.h.k. at -400 nm in deaemted soln. 751032 

7.3 contg. -1 mol L -1 tert-BuOH and -5 x 731047 
10-5 mol L-1 2-CH3-NQ. 731104 

6.1.30 1,4.Naphthoquinone-2.sulfonate ion 

Co+ +2-S03NQ" -I' Co2+ + [2-S03NQr2- 6.8 x 109 7.0 -22 p.r. P.h.k. at -400 pm in deaerated soln. 731104 
contg. -1 mol L -I tert-BuOH and -5 x 
10-5 mol L-1 2-S03NQ-. 

6.1.31 Riboflavine 

Co+ + RF -I' Co2+ + [RFr- 2.6 x 109 7.0 -22 p.r. P.h.k. at 560 nm in deaerated soln. 731104 
contg. -1 mol L-J ten-BuOH and 
_10-4 mol L-1 RF. 

6.2 Pentakis( cyano-C)cobaltate(1) ion 

6.2.1 Water 

Co(CN)s 4- + H20 -I' Co(CN)s(H)3- + OH- 1.1 x 105 s-1 -13 20 p.r. D.k. at 280-330 nm in soln. contg. 710097 
100 aun (0.1 mol L-1) H2; k= 1.9 x 
104 8-1 in D20 supports proton 
transfer mechanism. 

6.3 Nitrilotriacetatocobaltate(1) ion 

6.3.1 Nitrilotriacetatocobaltate(I) ion 

CoNTA2- I CoNTA2- ..... [CoNTAl.,4- 2.8 x 108 7 p.r. D.k. at 360 nm in deaerated £oln. 79A255 
contg. CoNTA -, tert-BuOH and 0.001 
mol L-1 phosphate. 

6.4 2,3,9,1 0-Tetramethyl.l,4,8,11-tetraazacyclotetradeca-l,3,8,1 O-tetraenecoba1t(1) ion 

6.4.1 Tris(2,2' .bipyridine )cobaJt(IIl) ion 

Co(Me4tetraeneN4t + Co(bpYh3
+-I' 8.5 X 107 6.5 0.002 p.r. D.k. at 700 run in soln. contg. 1 mol 

V·l terf-BuOH, 5 x 10-4 mol L-1 
761001 

CoL~'" and (2.5-5.0) x 10-5 mol L-1 

Co(bpYh3+. 

6.4.2· Tris(2,2'-bipyridine)chromium(IIl) ion 

Co(Mc4tctrncncN4)+ + Cr(bpyh3+ --/0 1.6 x 108 6.5 0.002 p.r. D.k. at 700 nm in soln. contS. 1 mol 761001 
L-1 tert-BuOH, 5 x 10-4 mol L-1 

CoL2+ and (2.5-5.0) x 10-s mol L-1 

Cr(bpYh3+. 
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TABLE 6. Rate constants for coba1t transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.4 2,3,9,1 0-Tetramethyl-l,4,8,II-tetraazacyclotetradeca-l,3,8,1 0-tetraenecobalt(1) ion - Continued 

6.4.3 Hydrogen ion 

Co(Me4tetraeneN4)+ + H+-+ 1.6 X 105 0.25- 0.06- p.r. D.k. at 700 nm in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN 4)(H)2+ 1.25 0.6 2 mol L-1 2-PrOH and 0.001 mol L-1 

CoL2+. 

6.4.4 Oxygen 

Co(Me4tetraeneN4)+ + O2 -+ 1.1 X 109 6.5 0.02 p.r. D.k. at 700 nm in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN4)(02)+ 1 mol L-1 tert-BuOH, 0.007 mol L-1 

CoL2+ and (7.5-25) x 10-5 mol L-1 O2, 

6.4.5 Acetic acid 

Co(Me4tetraeneN4t + CH3C02H-+ 6.2 x 104 4.8 0.01- p.r. D.k. at 700 nm in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN 4)(H)2+ + CH3C02 - 0.05 2 mol Lc-1 2-PrOH, 0.002 mol L-1 

CoL2+ and 0.002-0.01 mol L-1 acetate. 

6.4.6 9,10-Anthraquinone-2,6-disu1fonate ion 

Co(Me4tetraeneN4t + 2,6-diS03AQ2--+ 3.8 X 109 6.5 0.004 p.r. D.k. at 700 om in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN4)2+ + [2,6-diS03AQr 3- 1 mol L-1 tert-BuOH, 0.001 mol L-1 

CoL2+ and (1.25-5.0) x 10-5 mol L-1 

2,6-diS03AQ2-. 

6.4.7 Indigomonosulfonate ion 

Co(Me4tetraeneN 4t + IMS- -+ 4.9 x 109 6.5 0.004 p.T. D.k. at 700 nm in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN4)2+ + [IMSr2- 1 mol L-1 tert-BuOH,O.OOI mol L-1 

CoL2+ and (1.25-5.0) x 10-5 mol L-1 

IMS-. 

6.4.8 Riboflavine 

Co(Me4tetraeneN4)+ + RF-+ 1.0 x 109 6.5 0.004 p.r. D.k. at 700 nm in Ar-satd. soln. contg. 761001 
Co(Me4tetraeneN4i+ + [RFr- 1 mol L-1 tert-BuOH, 0.001 mol L-1 

CoL2+ and (1.25-5.0) x 10-5 mol L-1 

RF. 

6.5 N-meso-5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,1l-dienecoba1t(l) ion 

6.S.1 Water 

25 p.r. 

6.S.2 N.rac-S,7,7,12,14,14-Hexamethyl-l,4,8,1l-tetraazacyclotetradeca4,11-dienecobalt(I1) ion 

N-meso-Co(4,11-dieneN4)+ + ';;::1 x 107 7 25 p.r. 
N-rac-Co(4,ll-dieneN4)2+ -oj> 

N-meso-Co(4,1 ]-dieneN4)2+ + 
N-rnr-Co(4.11-rlieneN4 )+ 

6.5.3 Carbon dioxide 

N-meso-Co(4,11-dieneN4t + CO2 -+ 1.6 x 107 5.8 25 p.r. 
N-meso-Co(4,1 J -dJeneN4)(CU2) I 

6.5.4 Carbon monoxide 

N-meso-Co( 4,1] -dieneN4t + CO 8.3 X 108 25 p.r. 
N-meso-Co( 4, II-dieneN4)(COt 

6.S.5 Hydrogen ion 

N-meso-Co(4,ll-dieneN4)+ + H+ -oj- 2.3 x 109 O.oIS 25 p.T. 
N-meso-Co(4,J] -dieneN4)(H)2+ 

6.S.6 Formic acid 

N-meso-Co(4,11-dieneN4)+ + HC02H -oj- 1.8 x 108 0.02 25 p.r. 
N-meso-Co( 4, I1-dieneN4)(H)2+ + HC02 -

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

D.k. in soln. contg. 0.5 mol L-1 tert- 91AS13 
BuOH; reaction suggested to proceed 
via CooN bond rupture. 

Calcd. from study of d.k. in solo. 
contg. mixtures of N-rac-CoL2+ and 
N-meso-CoL 2+ (0.2-1.8) x 10-3 mol 
L-1 total, 0_5 mol L-1 tPrt-RuOR and 
0.02 mol L-1 phosphate buffer. 

D.k. at 630 nm in soln. satd. with 1-
IOU'1'o CO2 10 N2 contg. (U.4-1.0) x 
10-3 mol L-1 CoL2+, 0.5 mol L-1 tert
BuOH and NaHC03: kr = 2.7 S-I. 

91A513 

91A513 

D.k. at 630 nm in soln; contg. N- 91A513 
meso-CoL2+, 9.5 x 10-4 mol L-1 CO 
and 0.5 mol L-1 tert-BuOH; kr = 11 
s-I. 

D.k. at 630 nm in Ar-satd. soln. contg. 91A513 
0.5 mol L-1 tert-BuOH; kr= <10-4 S-:-l. 

D.k. at 630 nm in Ar-satd. soln. contg. 91A513 
0.5 mol L-1 tert-BuOH. 
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TABLE 6. Rate constants for cobalt transients - Continued 

~., "'. 

l:'~';', Reaction k (L morl s-I) pH t(°C) Method Comment Ref. 

i\,.~. N.meso-5,7,7 ,12,14,14-Hexamethyl~ 1,4,8,11-tetraazacyclotetradeca-4,11-dienecobalt(1) ion - Continued 

J.,f>.7 Acetic acid 

N-meso-Co(4,11-dieneN4t + CH3C02H 4- 8 x 107 0.1 25 p.r. D.k. at 630 nm in Ar-satd. soln. contg. 91A513 
N-meso-Co(4,11-dieneN4)(H)2+ + CH3C02- 05 mol L -1 tert-BuOH. 

t),S.8 Dihydrogen phosphate ion 

N-meso-Co( 4, I1-dieneN4)+ + H2P04 - 4- 1.2 X 108 0.1 25 p.r. O.k. at 630 nm in Ar-satd. soln. contg. 91A513 
N-meso-Co(4,11-dieneN4)(H)2+ + HPOi- 0.5 mol L-I tert-BuOH. 

1 •. 5.9 Nitrous oXide 

N-meso-Co(4,11-dieneN4t + N20 4- 1 X 107 25 p.r. 91A513 

It,., N-rac-5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,11-dienecobalt(1) ion 

(J.().1 First-order reaction 

N-rac-Co(4,11-dieneN4t -+ 2.3 x 103 s-1 25 p.r. D.k. in soln. contg. 0.5 mol L-1 tert- 91A513 
BuOH; reaction suggested to proceed 
via CooN bond rupture. At pH 12.7 k = 
6.6xl02 s-l • 

2.7 X 103 s-1 9-10 0,001 p.r. O.k. at 630 nm in Ar-satd. soln. contg. 761001 
1 mol L -I tert-BuOH and 5 x 10-4 mol 
L-1 COL2+. Authors reported k = 48 L 
mol-1 S-I. Reaction assumed to be 
proton transfer from water to form the 
hydride. 

6.6.2 Boric acid 

N-rac-Co(4,11-dieneN4t + H3B03 -+ 7x 104 0.1 25 p.r. D.k. at 630 nm in Ar-satd. soln. contg. 91A513 
Co(4,11-dieneN4)(H)2+ + H2B03- (1-10) X 10-4 mol L-I CoL2+ and 0.5 89A098 

mol L -1 tert-BuOH. 

6.6.3 Carbon monoxide 

N-rac-Co(4,II-dieneN4)+ + CO-+ 5.0 X 108 6 25 p.r. D.k. at 630 nm in soln. contg. 0.001 91A513 
prim-N-rac-Co(4,11-dieneN4)(COt mol L-1 CoL2+, 9.5 X 10-4 mol L-1 CO 89A098 

and 0.5 mol L-I tert-BuOH; kr = 3.1 
-I s . 

6.6.4 Carbon dioxide 

N-rac-Co( 4, 11-dieneN4t + CO2 4- 1.7 X 108 3.5- 25 p.r. D.k. at 630 nm in soln. satd. with 1- 91A513 
prim-N-rac-Co( 4, 11-dieneN4)(C02t 6 100% CO2 in N2 contg. (0.4-1.0) x 89A098 

10-3 mol L-1 CoL2+ and 0.5 mol L-1 

tert-BuOH; Mlf. = 29 kJ mol-I, ~S:l: = 
10.5 J K-1 mol-I; ~=0.38 s-l. For 

sec-isomer, formed via addition of 
CO,'- to N-rac-Co(4,11-dieneN.t)2+, k.. 
= 1.6 s-l. 

6.6.5 Bicarbonate ion 

N-rac-Co(4,11-dieneN4)+ + HC03 - 4- 2.5 X 106 0.1 25 p.r. D.k. at 630 nrn in Ar-satd. soln. contg. 91A513 
Cu(4,11-uit::Il~N4)(H)'''' T C032- (1-10»)<.. 10....1 II1ul L-1 CoL'''' WId 0 . .5 89A098 

mol L-1 tert-BuOH. 

6.6.6 Tris(2,2' -bipyridine )cobalt(ITI) ion 

N-rac-Co(4,11-dieneN,,)+ + Co(bpyh3+ 4- 1.2 X 109 9.2 0.016- p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.028 1 mol L-I tert-BuOH, 0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 

Co(bpYh3+. 

6.6.7 Tris( ethylenediamine )cobalt(ITI) ion 

N-rac-Co(4,11-dieneN4t + Co(enh3+ 4- 7.9 x 106 9.2 0.016- p.r. O.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 

Co(enh3+. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction teC) Method Comment Ref. 

6.6 N-rac-5,7,7 ,12,14,14-Hexametbyl-1,4,8,1l-tetraazacyclotetradeca-4,1l-dienecobalt(I) ion - Continued 

6.6.8 Hexaamminecobalt(III) ion 

N-rac-Co(4,II-dieneN4t + Co(NH3)63+-)o 7.5 X 106 9.2 0.Ql6- p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL 2+ and (2-10) x 10-4 mol L -I 
Co(NH3)63+. 

6.6.9 5~7,7 ,12,14,14-Hexamethyl·l,4,8,II·tetraazacyclotetradeca-4,1l-dienedibydroxycobalt(lU) ion 

N-rac-Co(4,II-dieneN4t + 4.0x 106 9.2 0.016- p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
Co(4,II-dieneN4)(OHh+ -)0 0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 

Co(4,II-dieneN4)(OHh +. 

6.6.10 Dihydroxy(2,3,9,10.tetramethyl.l,4,8,II.tetraazacyclotetradeca.l,3,8,10·tetraene)cobalt(IU) ion 

N-rac-Co(4,11-dieneN4t + 6.7 x 106 9.2 0.016- p.r. O.k. at 630 nm in Ar-satd. soln. contg. 76100] 
Co(Me4tetraeneN 4)(OH)2 + -)0 0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL 2+ and (2-10) x 10-4 mol L-1 

Co(Me4tetraeneN 4)(OHh +. 

6.6.11 Tris(2,2' .bipyridine)chromium(III) ion 

N-rac-Co(4,II-dieneN4t + Cr(bpYh3+ -)0 1.2 x 109 9.2 0.016- p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 

Cr(bpY)33+. 

6.6.12 Tris(2,2'-bipyridine)iron(III) ion 

N-rac-Co(4,11-dieneN4 )+ + Fe(bpYh3+ -)0 2.3 X 107 9.2 0.016- p.r. O.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH, 0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 

Fe(bpYh).;·· 

6.6.13 Hydrogen ion 

N-rac-Co(4,11-dieneN4t + H+ -)0 3.1 X 109 3.5- 0.Ql5 p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
prim-N-rac-Co(4,11-dieneN4)(H)2+ 4.2 1 mol L-1 tert-BuOH and 0.005 mol 

L-J CoL2+; kr= 1.2 x 10-2 s-1 

[9IA513]. For sec-isomer fonned by 
addition of H to N-rac-Co( 4,11-
dieneN4)+, K = 3.2 X 1011 L mol-1 

f9IA513]. 

6.6.14 Ammonium ion 

N-rac-Co(4.11~dicncN4)+ T NII4+ G.B x 105 7.0 0.01.5- p.l. D.II.. al 630 mil in Ar~satd. so)n. contg. 761001 
Co{4,ll-dieneN4)(Hi+ + NH3 0.1 1 mol L-1 lert-BuOH, 1.5 x 10-3 mol 

L-1 CoL2+ and O.Ql-O.l mol L-1 NH/. 

6.6.15 Nitrous oxide 

N-rac-Co(4,II-dieneN4)+ + N20 -)0 2 X 107 25 p.r. 91A513 

2.5 x 107 p.r. O.k. at 630 nm in Ar-satd. soln. contg. 78A200 
0.002-0.008 mol L-1 N20, 0.005 mol 
1.-1 Cn(4.11.rlif"neN4 )2+ lind) mol T .-1 

lert-BuOH. Product suggested to be 
Co(III) complex. 

3.9 x 107 9.2 0.Ql p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.003 mol L-1 CoL2+, (7.525) x 10-4 
mol L-1 N20 and 0.001 mol L-1 

tetraborate. Product suggested to be 
Co(lII) complex. 

6.6.16 Oxygen 

N-rac-Co(4,11-dieneN4t + O2 -)0 1.7 x 109 9.2 0.02 p.r. O.k. at 630 nm in Ar-satd. soln. contg. 761001 
Co(4,11-dieneN4)(02t ] mol L-1 fert-BuOH, 0.007 mol L- J 

CoL2+ and (7.5-25) x 10-5 mol L-1 02' 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k(Lmorl s-l) pH t(°C) Method Comment Ref. 

~t.(i N-rac-S,7,7,12,14,14-Hexamethyl-l,4,8,1l-tetraazacyclotetradeca-4,11-dienecobalt(1) ion - Continued 

6.6.17 Hydrogen phosphate ion 

N-rae-Co(4,11-dieneN4t + HPOi- -l> 1.0 x lOs 10.0 0.06- p.r. D.k. at 630 om in Ar-satd. soln. contg. 761001 
Co(4,11-dieneN4)(H)2+ + PO/- 0.3 1 mol L -I tert-BuOH, S x 10-4 mol 

L-1 CoL2+ and 0.02-0.1 mol L-1 

HPol-· 

6.6.18 Dibydrogen phospbate ion 

N-rae-Co( 4, 11-dieneN4)+ + H2P04 -.-l> 8x 107 0.1 25 p.r. D.k. at 630 nm in Ar-satd. soln.contg. 91A513 
prim-N-rae-Co( 4, I1-dieneN4)(H)2+ + 1.2 x 108 0.008 (1-10) x 10-4 mol L -I CoL2+ and 0.5 89A098 
HPOl- mol L-1 tert-BuOH. 

9.8 x 107 5.S 0.005- p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
0.Q1 1 mol L -I tert-BuOH, 5 x 10-4 mol 

L -1 CoL2+ and 0.001-0.01 mol L-1 

H2P04-· 

6.6.19 Hexaamminerutbenium(II) ion 

N-rae-Co(4,II-dieneN4)+ + Ru(NH3)62+ -+ 4.0 X 108 9.2 0.016- p.r. D.k. at 630 om in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH, O.OOS mol L-1 

COL2+ and (2-10) x 10-4 mol L-1 

Ru(NH3)62+. 

6.6.20 Pentaammine(nitroso)ruthenium(lIl) ion 

N-rac-Co(4,11-dicncN4)+ + Ru(NH3>sN03+ 3.9 x 107 9.2 0.016- p.r. D.k. at 630 nrn in Ar-satd. soln. contg. 761001 
0.028 1 mol L-1 tert-BuOH,0.005 mol L-1 

CoL2+ and (2-10) x 10-4 mol L-1 mol 
L-1 Ru(NH3)sN03+. 

6.6.21 Acetic acid 

N-rae-Co(4,II-dieneN4t + CH3C02H-l> 1.1 x 108 0.1 25 p.r. D.k. at 630 nm in Ar-satd. soln. contg. 91AS13 
Co(4,II-dieneN4)(H)2+ + CH3C02- (1-10) X 10-4 mol L-1 CoL2+ and 0.5 89A098 

mol L-1 tert-BuOH. 

7.S x 107 4.8 0.Q1- p.r. D.k. at 630 om io Ar-satd. soln. contg. 761001 
0.05 1 mol L-1 tert-BuOH, 0.002 mol L-1 

CoL2+ and 0.002-0.01 mol L-1 acetate. 

6.6.22 9.10-Anthraquinone-2-suIfonate ion 

N-rac-Co(4,II-dieneN4t + 2-S03AQ- ~ 4.4 x 109 9.2 0.004 p.r. D.k. at 630 nm in Ar-satd. solo. contg. 761001 
N-rae-Co(4,11-dieneN4i+ + [2-S03AQ]'2- I mol L-1 tert-BuOH,O.OOI mol L-1 

CoL2+ and (1.25-S.0) x 10-5 mol L-:-l 
2-S0,AQ-. 

6.6.23 3-Benzoylpyridine 

N-rac-Co(4,11-dieneN4)+ + 3-C6HsCOpy-l> 4.6 x 108 9.2 0.004 p.r. D.k. at 630 om io Ar-satd. solo. cootg. 761001 
1 mol L":'1 lert-BuOH, 0.001 mol L-1 

CoL2+ and (1.25-5.0) x lO-s mol L-1 

3-C6HsCOpy. 

6.6.24 9-Fluorenone 

N-rac-Co(4,11-dieneN4t + C13HsO -l> 4.3 x 109 9.2 0.004 p.r. D.k. at 630 nm in Ar-satd. soln. contg. 761001 
N-rac-Co(4,11-dieneN4)2+ + [C13HSOr- I mol L -I terl-BuOH, 0.001 mol L-1 

CoL2+ and 0.25-5.0) x lO-s mol L-1 

fiuorenooe. 

6.6.25 Formic acid 

N-rae-Co(4,11-dieneN4)+ + HC02H -l> 1.7 x 108 0.1 25 p.r. D.k. at 630 om in soln. contg. (1- 10) x 89A098 
CoC 4,11-dieoeN4)(HP+ + HC02- 10-4 mol L-J CoL2+ and tert-BuOH. 

6.6.26 2·Hydroxy.2,2-dimetbylethyl 

N-rac-Co( 4, I1-dieneN4t + . CH2C( CH3hOH 2 x 108 25 p.r. D.k. in soln. contg. 0.5 mol L-J lert- 9JA513 
BuOH. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.6 N-rac-5,7,7 ,12,14,14-Hexamethyl-l,4,S,II-tetraazacyclotetradeca-4,li -dienecobalt(1) ion - Continued 

6.6.27 Iodomethane 

N-rac-Co(4,11-dieneN4t + CH3I-4 4.7 x 108 9.2 0.015 p.r. O.k. at 630 nm in Ar-satd. soln. contg. 761001 
1 mol L-1 tert-BuOH, 0.001 mol L-1 

CoL2+ and (1.25-5.0) x 10-5 mol L-1 

CH31. 

().6.2~ Z-MeUlyt-l,4-naphthoquinone 

N-rac-Co(4,11-dieneN4)+ + 2-CH3NQ-4 4.6x 109 9.2 0.004 p.r. O.k. at. 630 nm in Ar-satd. soln. contg. 761001 
N-rac-Co(4,II-dieneN4)2+ + [2-CH3NQr- I mol L-1 tert-BuOH,O.OOl mol L-1 

CoL2+ and (1.25-5.0) x 10-5 mol L-1 

2-CHr NQ. 

6.7 5,7,7 ,12,12,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,14-dienecobalt(1) ion 

6.7.1 Water 

Co(4,14-dieneN4t + H2°-4 1.1 X 103 s-1 9-10 0.001 p.r. O.k. at 590 nm in Ar-satd. soln. contg. 761001 
Co(4,14-dieneN4){H)2+ + OH- I mol L-1 rerr-BuOH and 5 x 10-4 mol 

L-1 CoL2+. Authors reported k = 20 L 
mol-1 s-I. 

6.7.2 Hydrogen ion 

Co(4, 14-dieneN4t + H+-jo 1.2 X 109 3.5- 0.015 p.r. O.k. at 590 nm in Ar-satd. solo. cootg. 761001 
CoC 4,14-dieneN4)(H)2+ 4.2 1 mol L-1 tert-BuOH and 5 x 10-3 mol 

L-1 CoL~"'. 

6.7:3 Nitrous oxide 

Co(4,14-dieneN4t + N20 -4 9.0x 106 9.2 0.01 p.r. O.k. at 590 nm in soln. contg. 0.003 761001 
mol L-1 CoL2+ and (7.5-25) x 10-4 

mol L -1 N20. Product suggested to be 
Co(III) complex. 

6.7.4 Oxygen 

CO(4,14-dieneN4)'" + 02 -jo 9.0 X 108 9.2 0.02 p.r. D.k. at 590 nm in Ar-satd. soln. contg. 761001 
Co( 4, 14-dieneN4)(02)+ 1 mol L-1 tert-BuOH, 0.007 mol L-1 

CoL2+ and (7.5-25) x 10-4 mol L-1 02' 

6.7.5 Dihydrogen phosphate ion 

Co(4,14-dieneN4t + H2P04--4 3.0 X 107 5.5 0.005- p.r. D.k. at 590 nm in Ar-satd. soln. contg. 761001 
Co(4,14-dieneN4)(H)2+ + HP04

2- 0.01 1 mol L-1 tert-BuOH, 5 x 10-4 mol 
L-1 CoL2+ and 0.001-0.01 mol L-1 

H2PO,j-. 

6.S 2,2'-Bipyridinecobalt(1) ion 

6.8.1 Ascorbate radical anion 

Co(bPY)n + + . A - + H+ -jo Co(bpy)/+ + AH- 1 x 1010 5-7 25 p.r. D.k. in soln. contg. (0.3-10) x 10-4 82A278 
mol L-1 of both CoS04 and 2,2'-
bipyridine, and 0.001 mol L- 1 

ascorbate; 0 = I or 2. 

6.9 2,2' -Bipyridinecoba1t(1) ion 

6.9.1 Bis(2,2'-bipyridine)cobalt(lI) ion 

Co(bpy)+ + CO(bpY)22+ ~ Co(bpy)2+ + 2.1 X 109 0.2 2~ p.r n.k. in np.np.rlltp.n 1:01n ('onte tnt- ~"Am4 
Co(bpyh+ BuOH, C02+ and 2,2' -bipyridine. kr = 

1.1 X 107 L mol-1 S-I; K = 225. 

6.10 Bis(2,2'-bipyridine)coba1t(1) ion 

6.10.1 Tris(2,2'-bipyridine)cobalt(lI) ion 

Co(bpyh + + Co(bpYh2+ -4 Co(bpy)/+ + 2.0x 109 0.2 25 p.r. D.k. in deaerated soln. contg. tert- 85A034 
Co(bpyh+ BuOH, Co2+ and 2,2' -bipyridine; K = 

200. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k(Lmol-1 s-l) pH (0C) Method Comment Ref. 

6.10 Bis(2,2'-bipyridine)cobalt(1) ion - Continued 

6.10.2 Hydrogen ion 

Co(bpYh + + H+ ~ Co(bpyh(H)2+ -1 X 107 25 p.r. D.k. at 610 nm in soln. contg. CoS04 82A278 
and 2,2' -bipyridine; pKa of 
Co(bpYh(H)2+ = 6.9 [84A112]. 

6.11 Tris(2,2' -bipyridine )cobalt(1) ion 

6.11.1 2,2'-Bipyridine, conjugate acid 

Co(bpYh + + bpyH+ ~ Co(bpYh2+ + [bpyH)' 1.8 x 108 -0.25 25 p.r. D.k. at 610 nm in soln. contg. Co2+, 83C017 
(0.5-1.9) x 10-3 mol L-1 2,2'-
bipyridine and 0.1 mol L-1 formate; 1<r 
= 4.5 X 109 L mol- I s-I; K = 4.1 X 

10-2. 

6.12 4,4'-Dimethyl-2,2'-bipyridinecobalt(1) ion 

6.12.1 Bis(4,4' -dimetbyl-2,2' -bipyridine)cobalt(II) ion 

Co(4,4'-Me2bpy)+ + Co(4,4'-Me2bpY)22+-)- 1.8 x 109 0.2 25 p.r. D.k. in de aerated soln. contg. tert- 85A034 
Co(4,4'-Me2bPy)2+ + Co(4,4'-Me2bpY)2 + BuOH, Co2+ and 4,4'-dimetbyl-2,2'-

bipyridine. kr = 2.0 X 107 L mol-1 s-l; 
K= 125. 

6.13 4,4'-Dimethyl-2,2'-bipyridinecobalt(1) ions 

6.13.1 Ascorbate radical anion 

Co(4,4' -Me2bPY)n + + . A - + H+ -)- 1 X 1010 5-7 25 p.r. D.k. in soln. contg. (0.3-10) x 10-4 82A278 
Co(4,4'-Me2bPY)n2+ + AH- mol L-1 of both CoS04 and 4,4'-

dimethyl-2,2' -bipyridine, and 0.001 
mol L -I ascorbate; n = 1 or 2. 

6.14 4,4' -Dhncthyl-2,2' -bipyridinecobalt(1) ion, protonatcd 

6.14.1 Ascorbate radical anion 

Co(4,4' -Me2bPY)n(H)2+ + . A- --+ -1 X 109 5-7 25 p.r. n = 1 or 2. 82A278 
Cot 4,4' -MezbPY)n 2+ + AW 

6.15 Bis( 4,4' -dimethyl-2,2' -bipyridine )cobalt(1) ion 

6.15.1 Tris(4,4' -dimetbyl-2,2' -bipyridine)cobalt(lJ) ion 

Co(4,4' -Me2bpyh + + CO(4,4' -Me2bPYh2+ --+ 2.:5 x 109 0.2 2:5 p.r. O.k. in deaerated soln. contg. tert- 85A034 
Co(4,4'-Me2bpy)z2+ + Co(4,4'-Me2bpyh+ BuOH, Co2+ and 4,4'-dimethyl-2,2'· 

bipyridine. kr =7.5 x 107 Lmor1 s-I; 

K = 50 at 1= 0.1. 

6.15.2 Hydrogen ion 

Co(4,4'-Me2bpY)2 + + H+-)- -2x 108 25 p.r. 82A278 
Co( 4,4' -Me2bPYh(H)2+ 

6.16 Tris( 4,4' -dimethyl-2,2' -bispyridine )cobalt(1) ion 

6.16.1 Tris(4,4' -dimetbyl-2,2' -bipyridine)cobalt(llI) ion 

Co(4,4' -Me2bpY)3 + + Co(4,4' -Me2bpy)/+ -)- -1 x 109 5-7 25 p.r. D.k. in soln. contg. 1 x 10-4 mol L-1 82A278 
ofCo(II) complex, 1 x 10 5 mol L- 1 

Co(III) complex and 0.1 mol L-1 2-
PrOH. 

6.16.2 4,4'-Dimetbyl-2,2'-bipyridine, conjugate monoacid 

Co(4,4' -Me2bpyh + + 4,4' -Me2bpyH+ --+ 4.3 x 108 4.4 25 p.r. D.k. at 610 nm in soln. contg. 0.13 mol 83COI7 
Co(4,4'-Me2bpyh2+ + [4,4'-Me2bpyHr L-1 2-PrOH, 0.03 mol L-1 acetic acid, 

0.001 mol L-1 CoS04 and 0.003-0.004 
mol L-1 4,4'-dimethyl-2,2'-bipyridine; 
kr=3.3x 109 Lmorl 8-1 at pH 10.2. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(oq Method Comment Ref. 

6.17 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatocobaltate(1) ion 

6.17.1 Nitrous oxide 

CoTPPS5- + N20 --+ 

6.17.2 Iodomethane 

CoTPPS5- + CH31 --+ CoTPPS4-+ ·CH3 + r 

6.18 Cobal(l)amin 

6.18.1 Nitrous oxide 

B12s +N20--+ 

6.18.2 Hydroxocob(lII)alamin 

B12s + BI2a --+ B12r + BI2r 

6.19 3,10,17,24-Tetrasulfophthalocyaninecobaltate(1) ion 

6.19.1 Hydrogen peroxide 

6.19.2 Tris(2,2' -bipyridine )ruthenium(lII) ion 

Co(tspc)5- .j.. Ru(bpy)}+ ..... Co(tcpc)4- + 
Ru(bpyh2+ 

::2.9 x lOB 

13 

6.1 
8.0 

3.9-
4.2 

I 3 

6.20 3,10,17,24-Tetrasulfophthalocyaninecobaltate(1) ion dimer 

6.20.1 First-order reaction 

[Co(tspc)h10- --+ 2 Co(tspc)5-

21 p.r. 

21 p.r. 

18-22 p.r. 

22 p.r. 

p.r. 

f.p.loq 

f.p. 

6.21 N-Methyltetrakis( 4.sulfonatophenyl)porphinatocobaltate(m radical anion 

6.21.1 First-order reaction 

[Co(N-Me)TPPSr4- --+ CH3CoTPPS4-

6.22 Pentaamminecobalt(m ion 

6.22.1 First-order reaction 

Co(NH3>s2+ Co(NH,)l+ + NH, 

J. PhyS. Chem. Ref. Data, Vol. 24, No.3, 1995 

p.r. 

3 f.p. 

D.k. in N20-satd. soln. contg. 1.5 mol 83A088 
L-1 2-PrOH. 

D.k. at 495 and 510 nm and p.b.k. at 
550 nm in N20-satd. soln. contg. 1.5 
mol L -I 2-PrOH, (0.5-1) x 10-3 mol 
L-1 methyl iodide, (2-7) x 10-5 mol 
L-1 CoTPPS4- and 3 x 10--4 mol L-1 

borate. 

83A088 

D.k. at 385 om and p.b.k. at 313 nm in 771018 
N20-satd. solo. cootg. 2 x 10-5 mol 
L -I cob(lI)alamin, 0.1 mol L -\ formate 
and 0.01 mol L -1 phosphate buffer. 
Effect of [buffer] 00 k reported. 

O.k. at 390 aod 460 nm in He- or 
C02"satd. solo. contg. 6 x 10-5 mol 
L-1 cob(II)alamio, (0.6-2.4) x 10-5 

mol L-1 cob(III) alamio and 0.1 mol 
L -I 2-PrOH; k decreases from 1.0 x 
107 to 2.9 X 104 L mol-Is-I as pH 
iocreases from 7.8 to 11.1. 

78A373 

O.k. in N20-satd. solo. contg. 0.1 mol 83A238 
L- J formate, 4 x 10-7 mol L-1 H20 2 
and 6 x 10-5 mol L-1 CO(tspc)4-

D.k. at 520 nm in dcacratcd 50111. 79A090 
cootg. 0.001-0.1 mol L-1 HCI, 0.001-
0.01 mol L -1 Ru(bPYh2+ and 
Co(tspc)4- (OQ). 

O.k. at 535 nm io deaerated saln. 7SA300 
contg. Co(tspC)4-, 2-PrOH and HCl04 . 

O.k. and p.b.k. at 530 nm in Ar-satd. 
soln. cootg. (1-10) x 10-5 mol L-1 

Co(N-Me)TPPS3- aod 1% 2-PrOH. 

92G183 

Condy. change in Ar-satd. soln.cootg. 79A168 
Co(NH3)5CI2+ and 0.001 mol L-1 H<:i 
Reaction preceded by fast elimination 
ofC} from Co(NH3)5C)2+. 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1095 

TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k (L mol-1 s-I) pH t(°C) Method Comment Ref. 

6.23 TetraamminecobaJt(D) ion 

6.23.1 First-order reaction 

Co(NH3)/+ -4 Co(NH3h2+ + NH3 4.8 X 105 s-1 3 f.p. Condy. change in Ar-satd. soln. contg. 79A168 
Co(NH3)sC12+ and 0.001 mol L-1 HC1. 

6.24 Tris(ammine)cobalt(D) ion 

6.24.1 First-order reaction 

Co(NH3h2+ -4 Co(NH3h2+ + NH3 6.4 X 104 S-1 3- p.r. Condy. change in Ar-satd. soln. contg. 77A234 
4.5 Co(NH3)63+ or Co(NH3)sCI2+ or 761149 

Co(NH3)sF2+ or Co(NH3)4CI2 + or 
Co(NH3)4Cl(H20)2+ and tert-BuOH. 

6.25 Bis(ammine)cobalt(D) ion 

6.25.1 First-order reaction 

Co(NH3h2+ -+ Co(NH)2+ + NH3 8.6 X 103 s-I 3- p.r. Condy. change in Ar-satd. soln. contg. 761149 
4.5 Co(NH)63+ or Co(NH3)5C12+ or 

Co(NH3hP2+ or Co(NH3)4CI2 + or 
Co(NH3)4CI(H20)2+ and tert-BuOH. 

6.26 Amminecobalt(m ion 

6.26.1 First-order reaction 

Co(NH3)2+ -4 C02+ + NH3 1.1 X 103 S-1 3- p.r. Condy. change io Ar-satd. solo. contg. 761149 
4.5 CO(NH3)/: or Co(NH3)sC12+ or 

Co(NH3)sF + or Co(NH3)4CIZ + or 
Co(NH3)4C1(H20)2+ and tert-BuOH. 

6.27 Tris( ethylenediamine )cobaJt(ll) ion 

6.27.1 First-order reaction 

Co(eoh2+ -+ Co(eoh2+ + en 6.8 x 102 s-I 2.3- 25 p.r. Condy. change in Ar-satd. solo. contg. 90A303 
4.6 Co(eoh3+ aod 0.2 mol L- 1 tert-BuOH; 

k = 1.5 X 104 S-I calcd. for N-Co(II} 
bond rupture [77A234]. 

6.27.2 Hydrogen ion 

Co(en)/+ + H+ -+ Co(enh2+ + enH+ 6.6 x 106 2.3- 25 p.r. Coody. change io Ar-satd. solo. contg. 90A303 
4.6 Co(en)33+ and 0.2 mol L-1 (elf-BuOH. 

6.28 Bis( ethylenediamine )cobalt(D) ion 

6.28.1 First-order reaction 

Co(en)22+ ~ Co(en)2+ + en 50s-J 2.3- 25 p.r. Condy. change io Ar-satd. soln. contg. 90A303 
4.6 Co(en):,3+ and 0.2 mol L-1 tert-BuOH; 

k = 1.4 X 103 s-l calcd. for N-Co(II) 
bond rupture [77 A234]. 

6.28.2 Hydrogen ion 

Co(en)l+ + H+ -+ Co(en)2+ + enH+ 1.4xl06 2.3- 25 p.r. Condy. change in Ar-satd. solo. contg. 90A303 
4.6 Co(en)l+ and 0.2 mol L-1 tert-BuOH. 

6.29 Ethylenediaminecobalt(D) ion 

6.29.1 First-order reaction 

Co(en)2+ -+ Co2+ + eo 14 S-I 2.3- 25 p.r. Condy. change in Ar-satd. soln. contg. 90A303 
4.6 Co(enh3+ and 0.2 mol L-1 (ert-BuOH; 

k = 1.7 X 102 s-I calcd. for N-Co(JI) 
bond rupture [77A234]. 

11.29.2 Hyrlrngen inn 

Co(en)2+ + H+ -+ Co2+ + enH+ 3.2 x lOS 2.3- 25 p.r. Condy.change in Ar-satd. solD. contg. 90A303 
4.6 Co(enh3+ and 0.2 mol L-J tert-BuOH: 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.30 Bis( diethylenetriamine )cobalt(m ion 

6.30.1 First·order reaction 

Co(dienh2+ -+ 1.8 x 104 s-1 2.5- 25 p.r. Candy. change in Ar-satd. soln. contg. 77A234 
4.5 Co(dien)l+ and 0.2 mol L-1 tert-

BuOH. Rate constant refers to N-
CoCII) bond rupture. 

6.31 Diethylenetriaminecobalt(m ion 

6.31.1 First·order reaction 

Co(dien)2+ -+ 8.7 x ]02 S-1 2.5- 25 p.r. Candy. change in Ar-satd. soln. contg. 77A234 
4.5 Co(dienh3+ and 0.2 mol L -I tert-

BuOH. Rate constant refers to N-
Co(l1) bond rupture. 

6.32 Triethylenetetraminecobalt(m ion 

6.32.1 First·order reaction 

Co(trien)2+ -+ 2.1 x]03 S-1 2.5- 25 p.r. Condy. change in Ar-satd. soln. contg. 77A234 
4.5 Co(trien)3+ and 0.2 mol L -1 ter!-

BuOH. Rate constant refers to N-
Co(ll) bond rupture. 

6.32.2 Oxygen 

Co(trien)2+ + O2 + OH- -+ 2.2 x 105 9.1- 0.2 f.p. P.h.k. at 310 nm in soln. contg. 2 x 91 A065 
Co(trien)(02)(OH)+ 12.6 ]0-5 mol L-1 (trien)Co(Il-0H,Il-

02)Co(trien)3+. Product suggested to 
react with Co(trien)(H20)z2+ to give 
(trien)Co(OH)02CO{H2O)(trien)3+ 
which gives (trien)Co(Il-0H,Il-
02)Co(trien)3+ with k = 2 s-I. 

6.33 Hydroxytriethylenetetraminecobalt(m ion 

6.33.1 Oxygen 

Co(trien)(OHt + O2 -+ Co(trien)(02)(OHt 2.1 X 104 9.1- 0.2 f.p. P.b.k. at 310 nm in soln. contg. 2 x 91A065 
12.6 10-5 mol L-1 {trien)Co{Il-0H,Il-

02)Co(trien)3+. Product suggested to 
react with Co(OH)(trien)(HzOh + to 
give (trien)Co(OH)02CO(OH)(trien)2+ 
which gives (trien)Co(jl-OH,jl-
02)Co(trien)3+ with k = 4 X 10-2 S-1. 

6.34 Nitrito(triethylenetetramine)cobalt(m ion 

6.34.1 Oxygen 

Co(trien)(N02t + O2 3.2 X 102 6.3 25 f.p. Spectral changes in soln. contg. 92A191 
Co(tnen)(NU2)(U2)+ Co(trien)(N02h +. Product suggested 

to react with Co(trien)(N02h +, k = 9 X 

102 L mol-I s-1, to give 
(trien)Co(N02)(Il-
02)Cv(N02)(uie::n) 1 .... ; the:: IUllef 

superoxo complex gives the peroxo 
complex with k ::: <0.1 s-J. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k (L mol-1 s-l) pH teC) Method Comment Ref. 

6.35 Tetraethyldiethylenetriamineco balt(m ion 

6.35.1 Oxygen 

Co(tetraen)2+ + 02 -+- Co(tetraen)(02)2+ 1.0 X 105 6.3 25 f.p. Spectral changes in soln. contg. 
Co(tetraen)(N02)2+. Product suggested 

92A191 

to react with Co(tetraen)(N02)2+, k = 
8.2 X 104 L mol-1 s-1 to give 
(tetraen)Co(J.l-0 2)Co(tetraen) 5+; the 
latter superoxo complex gives the 
peroxo complex with k <0.1 S-I. 

6.36 Tris(acetylacetonato )cobaltate(m ion 

6.36.1 First-order reaction 

Co(aeaeh - -+- Co(acae h + acae - 8 x 103 s-1 25 p.r. Condy. change in He-satd. soln. eontg. 79A297 
5 x 10-4 mol L-1 Co(acach,O.1 mol 
L-1 tert-BuOH and varied [H+]. 

6.36.2 Hydrogen ion 

Co(aeaeh - + H'" .... Co(aeach+ acaeH 7.2 x 108 25 p.r. Comly. t:hangc;; iu Hc;;-lSaW. :o,UIII.-I,;Ulltg. 79A297 
5 x 10-4 mol L-1 Co(aeac)3'0.1 mol 
L -I lert-BuOH and varied [H1. 

6.37 Bis( acetylacetonato )cobalt(m 

6.37.1 First-order reaction 

Co(aeaeh -+ Co(acac)+ + aeac- 30 s-I 25 p.r. Condy. change in He-satd. soln.contg. 79A297 
5 x 10-4 mol L-1 Co(acach,O.1 mol 
L-1 tert-BuOH and varied [H1; kr-
4.1 x lOs Lmol-1 s-l. 

6.37.2 Hydrogen ion 

Cu(acac)z "I- H'" ~ Co(acac)'" "I- <lcacH 3.1 '" 106 25 jJ.l. Cundy. dli:lUgC;; ill Hc;;-:Si:lllJ. :sulu. \,;ulIlg. 79A297 
5 x 10-4 mol L-1 Co(acach,O.1 mol 
L-1 tert-BuOH and varied [H1; kr -

7.5 X 105 Lmol-1 s-I. 

6.38 Acetylacetonatocobalt(D) ion 

6.38.1 First-order reaction 

Co(acact -+ Co2+ + acac- 3 S-I 25 p.r. Condy. change iIi He-satd. soln. contg. 79A297 
5 x 10-4 mol L-1 Co(acach, 0.1 mol 
L-1 tert-BuOH and varied [H1. 

6.38.2 Hydrogen ion 

Co(acacr'" "I- H'" -7 Co'''' + acacH 7.3 )<.104 25 p.L Cuudy. l:hangt: in Ht:-sard. soln. cOOlg. 79A297 
5 x 10-4 mol L -I Co(acach, 0.1 mol 
L-1 tert-BuOH and varied [H1. 

6.39 Tris(2,2'-bipyridine)cobaIt(m ion 

6.39.1 First-order reaction 

Co(bpYh2+ -I- Co(bpYh2+ + bpy 3.4 s-I 0.5- p.r. D.k. at 270-340 nm in Ar- or N2O- 79A034 
10.5 satd. soln. contg. 0-5) x 10-5 mol L-1 

Co(bpYh3+ and MeOH, 2-PrOH, tert-
BuOH or formate; kr = 1.4 X 105 L 
mol-1 8-1• At pH 0.3 k = 8 S-I. 

6_'W.2 Tri!!(2.2' -hipyridinf')nItheninm(Im inn 

Co(bpYh2+ + Ru(bpy)l+ -+- Co(bpy)l+ + 1.3 X 108 LO f.p.loq Soln. contg. Ru(bpyh 2+ and 82F048 
Ru(bpy) 32+ Co(bPY)33+ (OQ). 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.39 Tris(2,2'-bipyridine)cobalt(m ion - Continued 

6.39.2 Tris(2,2'-bipyridine)ruthenium(III) ion - Continued 

2.4 X 108 1.0 25 f.pJoq D.k. at 675 nm in soln. contg. 7.5 x 80AOO3 
10-5 mol L-1 Ru(bpyh2+ and (0.5 or 
1.0) X 10-3 mol L-1 Co(bpYh3+ (OQ); 
studied al.5-2.5 "'c, Ea = -11.8 kJ 
mol-I. 

6.39.3 Tris( 4-triethylphosphonio-2,2 '-bipyridine)ruthenium(lll) ion 

Co(bpYh2+ + Ru[4-(Et3P)bPYh6+-+ 2.2 X 108 1.0 f.p. Soln. contg. Ru([4-(Et3P)bPYh5+ and 82F048 
Co(bpYh3+ + Ru[4-(Et3P)bpyh5+ Co(bPYh3+ (OQ). 

6.39.4 Tris(I,10-phenanthroline )ruthenium(lll) ion 

Co(bpYh2+ + Ru(phenh3+ -+ Co(bpYh3+ + 1.9 X 108 0.25 f.p.loq P.b.k. at 420-450 nm in soln. contg. 1 85S022 
Ku(phenh2~ X 10-4 mol L -1 RU(Phe~2 I ,0.2:5 mol 

L-1 LiCI and (2-6) x 10 mol L-1 

CO(bPYh3+ (OQ); k = 2.5 X 108 in 
presence of 0.166 mol L-1 Na2S04 and 
4.8 x 107 L morl s-1 in 50% aqueous 
acetonitrile contg. 0.25 mol L -I LiCl. 

6.39.5 Tris( 4,7 -dimethyl-l,10-phenanthroline)ruthenium(III) ion 

Co(bpy)/+ + Ru(4,7-Me2phen)33+ -+ 3.1 x 108 0.25 f.p./oq P.b.k. at 420-450 nm in soln. contg. 1 85S022 
Co(bpyhH + Ru(4,7-Me2phenh;l+ x 10-4 mol L-1 Ru(4,7-Me2phenhz+, 

0.25 mol L -I LiCI and (2-6) x IO~ 
mol L-1 Co(bpYh3+ (OQ); k = 5.1 x 
108 in presence of 0.166 mol L-1 

Na2S04 and 2.2 x 107 L morl S-I in 
50% aqueous acetonitrile contg. 0.25 
mol L-1 LiCl. 

6.39.6 Tris(3,4,7 ,8-tetramethyl-1,10-phenanthroiine)ruthenium(III) ion 

Co(bpy)/+ + Ru(3,4,7,8-Me4phenh3+-+ 2.0x 107 0.25 f.p.loq P.b.k. at 420-450 nm in 50% aqueous 85S022 
Co(bpYh3+ + Ru(3,4,7,8-Me4phenh2+ acetonitrile soln. contg. 1 x 10-4 mol 

L-1 Ru(3,4,7,8-Me4phenh2+, 0.25 mol 
L -I LiCI and (2-6) x 10-4 mol L-1 

Co(bpYh3+ (OQ). 

6.40 Tris(I,1 O-phenanthroline )cobalt(m ion 

6.40.1 Tris(2.2' -bipyridine )mtheniuman) ion 

Co(phen)l+ + Ru(bPYh 3+ -+ Co(phenh 3+ + 1.4 x lOB 1.0 25 f.pJoq D.k. at 675 nm in soln. contg. 7.5 x 80A003 
Ru(bpyh + 10-5 mol L-1 Ru(bPYh2+ and (0.25-

2.0) x 10-3 mol L-1 Co(phen)l+ (00); 

the same value was obtained under 
pseudo-first order conditions with 
addn. of 1.0 x 10-4 mol L-1 

Co(phenh2+; studied at 5-25 °C, Ea = 
-4.6 ± 3.7 kJ mol-I. 

6.40.2 Methylene Blue, radical cation 

Co(phen)l+ + [MBr2+ + H+ -+ Co(phenh3+ 1.3 x 108 f.pJoq O.k. at 520 nm in soln. contg. 82A290 
+MBH2+ methylene blue and Co(phen)l+ (OQ). 

6.41 3,10,17,24-Tetrasulfophthalocyaninecobaltate(m ion 

6.41.1 Diiodine radical ion 

Co(tspc)4- + 12'--: 6.7 x 109 1.0 f.p. O.k. at S420 nm in soln. contg. 
Co(tspc)(H20h.n(l)(3+n). (n = 1, 2), 0.1 
mol L-1 Nal and 0.1 mol L-1 HCI04. 

79A090 

6.41.2 Tris(2,2' -bipyridine)mthenium(III) ion 

CO(tSpC)4- + Ru(bpy)lt- -+ Co(tspC)3- + 4.5 X 107 f.p.loq O.k. at 580 nm; mixed dimer contg. 79A090 
Ru(bpy)l+ 0.005-0.01 mol L-I Ru(bPYh2+ and 

(1-5) x 10-6 mol L-1 Co(tsp~)3- (OQ). 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction k (L mol- I s-I) pH t(°e). Method Comment Ref. 

b.42 Chloro(pentacyano )cobaltate(II) ion 

6.4:2.1 First-order reaction 

Co(CN)sCI4- ~ Co(CN)s3- + CI- >1 X 106 s-l 4.5- p.r. Condy. change in soln. contg. 771003 
5.5 Co(CN)sCI3- and 0.5 mol L-1 tert-

BuOH. 

(1.43 Pentacyanocobaltate(m ion 

6.43.1 First-order reaction 

Co(CN)l- -+ Co(CN)/- + CW 1.1 X 104 s-I 4.5- p.r. Condy. change in soln. contg. 771003 
5.5 Co(CN)63- or Co(CNhCI3- and 0.5 

mol L-1 tert-BuOH. 

6.44 TetracyanocobaltAtp(Il) ion 

6.44.1 First-order reaction 

Co(CN)/- -+ Co(CNh - + C~ 28 s-I 4.5- p.r. Candy. change in soln. contg. 771003 
5.5 CO(CN)63- or Co(CN)sCI3- and 0.5 

mol L-1 rerl-BuOH. 

6.45 Tris(glycinato )cobaltate(m ion 

6.45.1 First-order reaction 

Co(GIY)3 - -+ Co(Glyh + GJy- 4.2 X 103 s-I 3.0- -25 p.r. Candy. change in Ar-satd. soln. contg. 90A303 
4.5, 0.003 mol L -I Co(Glyh and 0.2 rna] 
8.5 L-1 tert-BuOH. 

6.4!l.2 Hydrogen Ion 

Co(Glyh - + H+ -+ Co(Glyh + GlyH 2.7 x 107 3.0- -25 p.r. Condy. change in Ar-satd. soln. contg. 90A303 
4.5 0.003 mol L-1 Co(Glyh and 0.2 mol 

L-1 tert-BuOH. 

6.46 Bis(glycinato )cobalt(m 

6.46.1 First-order reaction 

Co(Glyh -+ Co(Gly)+ + Gly- 3.5 x 102 S-I 3.0- -25 p.r. Candy. change in Ar-satd. soln. contg. 90A303 
4.5, 0.003 rna] L-1 Co(G]yh and 0.2 mol 
8.5 L-1 tert-BuOH. 

6.46.2 Hydrogen ion 

Co(Glyh + H+ -+ Co(Glyt + GlyH 8.1 x 10':' 3.0- -25 p.r. Condy. change in Ar-satd. soln. contg. 90A303 
4.5 0.003 mol L-1 Co(Glyh and 0.2 mol 

L-1 tert-BuOH. 

6.47 Glycinatocobalt(II) ion 

6.47.1 First-order reaction 

Co(Glyt -+ C02+ + Gly- 49 s-I 3.0- -25 p.r. Condy. change in Ar-satd. soln. contg. 90A303 
4.5 0.003 mol L-1 Co(Glyh and 0.2 mol 

L-1 tert-BuOH. 

6.47.2 Hydrogen ion 

Co(Gly)+ + H+ -+ Co2+ + GlyH 2.1 x 104 3.0- -25 p.r. Condy. change in Ar-satd. soln. contg. 90A303 
4.5 0.003 mol L-1 Co(Glyh and 0.2 mol 

L-1 tert-BuOH. 

6.48 Ethylenediaminetetraacetatocobaltate(m ion 
6.48.1 Tris (2,2 , -bipyridine )ruthenium(lll) ion 

CoEDTA2- + Ru(bpyh3+ -+ CoEDTA- + 9x 103 4.75 25 In 0.05 mol L -I acetate buffer. 85F089 
RU(bpyh2+ 

6.48.2 S,10,15,20-Tetrakis(1-methylpyridininm-4-yl)porphinatozinc(ll) ion, radical cation 

CoEDTA 2- + [ZnTMpyP]'S+ -+ CoEDTA - + -2.2 x 109 f.p.loq D.k. at 700 nm in Ar-satd. soln. contg. 85A430 
ZnTMpyp4+ ZnTMpyp4+ and CoEDTA - (OQ). 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.49 1,4,8,11-Tetraazacyclotetradecanecobalt(m ion 

6A9.1 Oxygen 

1.2 x 107 1-7 0.001- 25 f.p. 
O.l 

6.50 5,7,7 ,12,14,14-Hexamethyl-l,4,8,1l-tetraazacyclotetradecanecobaltCm ion 

6.50.1 Oxygen 

5.0 X 106 1-7 0.001- 25 f.p. 
0.1 

P.b.k. at 360 nm in soln. contg. (1-5) x 90A079 
10-4 mol L-1 CH3Co(cyclam)2+ or 
Co(cydarn)(Oz)2+ or 

CH3CH2CH2Co(cyclam)2+ and (0.25-
1.26) x 10-3 mol L -102; kr = 63 s-I at 
1= 1.0 [80M397]. 

P.b.k. at 360 nm in soln. contg. 2 x 
10-4 mol L -I CH3Co(aneN4)2 ... or 

Co(aneN4)(02)2+ and (0.25-1.26) x 
10-3 mol L-1 02; kr = 1.7 X 104 s-l. 

90A079 

6.51 1,8-Diamino-3,6,10,13,16,19-hexaazabicycIo[6.6.6]eicosanecobalt(m ion, conjugate diacid 

6.51.1 Tris(1,10·phenanthroline)ruthenium(ll1) ion 

Co(diamsarH2)4+ + Ru(phen)33+ ~ 7.9 x 106 0.2 25 f.p./oq 
Co(dirun~arH2)5+ -I- RlI{phen):'I2+ 

6.52 1,8-Diamino-3,6,lO,13,16,19-hexaazabicyclo[6.6.6]eicosanecobalt(m ion 

6.52.1 Tris(1,10.phenanthroline)ruthenium(III) ion 

Co(diamsar)2+ + Ru(phen)33+ ~ 9.6 x 107 8.3 0.2 25 f.p./oq 
Co(diamsar)3+ + Ru(phenh2+ 

6.52.2 Tris(5-chloro-1,10·phenanthroline)ruthenium(III) ion 

Co(diamsar)2+ + Ru(5-Clphenh3+ ~ 
Co(diamsar)3+ + Ru(5-Clphenh2+ 

1.7 x 108 8.1 0.2 25 f.p.loq 

6.52.3 Tris( 4,7 -dimethyl-1,1 O-phenanthroline)ruthenium(III) ion 

Co(diamsar)2+ + Ru(4,7-Me2phen)l+ ~ 
Co(diamsar)3+ + Ru(4,7-Me2phenh2+ 

3.1 x 107 8.3 0.2 25 f.p.loq 

6.53 8-Methyl-l,3,13,16-tetraaza-6,1 O,19-trithiabicyclo[ 6.6.6]eicosanecobalt(ll) ion 

6.53.1 Tris(2,2'.bipyridine)ruthenium(III) ion 

Co(AZAcapten)2+ + Ru(bPYh3+ ~ -5 X 108 

Co(AZAcapten):;+ + Ru(bpYh z.,. 

6.54 1,3,6,8,1 0,13,16,19-0ctaazabicyclo[ 6.6.6]eicosanecobalt(ll) ion 

6.54.1 Tris(2,2'-bipyridine)ruthenium(llI) ion 

Co(sep)2+ + Ru(bPYh3+ ~ Co(sep)3+ + 
RU(bpyh2+ 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

0.2 

f.p.loq 

25 f.p./oq 

P.b.k. at 450 nm in soln. contg. (2-5) x 84A238 
10-5 mol L-1 Rn(phenh2+. 0001-
0.007 mol L-1 Co(di~sar)3+ (OQ), 
and 0.1 mol L -1 HCl. 

P.b.k .. at 450 om in soln. cootg. (2-5) x 
10-5 mol L-1 Ru(phenh2+, 0.001-
0.007 mol L-1 CO(diamsarl+ (OQ), 
0.1 mol L-1 LiCI and 0.05 mol L-1 N-
ethylmorphoJine. 

P.b.k. at 450 om in soln. contg. 0.2 
mol L-1 LiCI, 0.05 mol L-1 N-
ethylmorpholioe, (2-5) x 10-5 mol L-1 

Ru(5-Clphenh2+ and 0.001-0.007 mol 
L-1 Co(diamsar)3+ (OQ). 

P.b.k. at 450 om in soln. contg. 0.2 
mol L-1 Liel, 0.05 mol L-1 N-
ethylmorpholine, (2-5) x 10-5 mol L-1 

Ru(5-Clphen)/+ and 0.001-0.007 mol 
L -I Co(diamsar)3+ (OQ). 

P.b.k. at 470 nm in solo. contg. 
Ru(bpy){r and Co(AZAcapteo)3 ... 
(OQ). 

84A238 

84A238 

84A238 

85F222 

P.b.k. at 450 nm in soln. contg. (2-5) x 84A238 
10-5 mol L-1 Ru(bPYh2+ and 0.001-
OJ)07 mol L-1 Co(sep)3+ (OQ). 
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TABLE 6. Rate constants for cobalt .transients - Continued 

. '" Reacti on t(°C) Method Comment Ref. 

1>.54 1,3,6,8,10,13,16,19-0ctaazabicyclo[6.6.6]eicosanecobalt(m ion - Continued 

h.54.2 Tris(l,lO-phenanthroline)ruthenium(lII) ion 

Co(sep)2+ + Ru(phenh3+ ~ Co(sep)3+ + 6.4 x 108 0.2 25 f.p.loq P.b.k. at 450 om in so)n. contg. (2-5) x 84A238 
Ru(phenh2+ 10-5 mol L-1 Ru(pheo)/+ and 0.001-

0.007 mol L-1 Co{sep)3+ (OQ). 

6.54.3 Tris(5-chloro-l,lO-phenanthroline)rulhenium(llI) ion 

Co(sep)2+ + Ru(5-Clphen)l+ ~ Co(sepy3+ + 8.2 x 108 0.2 25 f.p.loq P.b.k. at 450 nm in soln. contg. (2-5) x 84A238 
Ru(5-Clphenh 2+ 10-5 mol L-1 Ru(5-Clphen)/+ and 

0.001-0.007 mol L -I Co(sep)3+ (OQ). 

6.54.4 Tris( 4,7 -dimethyl-l ,10·phenanthroline)ruthenium(III) ion 

Co(sep)2+ + Ru(4,7-Me2phenh3+ ~ 5.4 x 108 0.2 25 f.p.loq P.h.k. at 4S0 nm in soln. contg. (2-5) x 84A238 
Co(sep)3+ + Ru(4,7-Me2phen)l+ 10-5 mol L-1 Ru(S-Clphenh2+ and 

0.001-0.007 mol L-1 Co(sep)3+ (OQ). 

(,.55 2,3,9,10. Tetramethyl-l,4,8,11-tetraazacyclotetradeca-.1,3,8,10-tetraenecobal t(m .ion 

6.55.1 Tris(2,2'-bipyridine)ruthenium(III) ion 

Co(Me4tetraeneN4)li- + Ru(bpyh·H ~ 
Co(Me4tetraeneN 4)3+ + Ru(bpyh2+ 

2.1 X 107 0.1 25 f.p.loq P.b.k. at 443 nm in soln. contg. YOA221 
Ru(bpy)/+ and Co(Me4tetraeneN4)3+ 
(OQ). 

6.56 2,3,9,10-Tetramethyl-l,4,8,11-tetraazacyclotetradeca-l,3,8,1 O-tetraenecobal t(m ion, superoxide adduct 

6.56.1 2,3,9,1 0-Tetramethyl-1A,8,ll-tetraazacyclotetradeca-l,3,8,1 O-tetraenecobalt(lI) ion, superoxide adduct 

Co(Me4tetraeneN4)(OZ)+ + 2.1 x 103 8.0 p.r. D.k. in soln. contg. 4 x 10-5 mol L-1 771028 
Co(Me4tetraeneN 4 )(Oz)+...... Co(Me4tetr~enf"N4)2+, 00013 mnl1.-1 

O2 and 0.25 mol L-1 terr-BuOH. 

b.57 Iminodiacetatocobaltate(m ion, superoxide adduct 
b.57.J ImIDOdiaCeUltOCObalt(Il) 

ColDA(02r + Co IDA ~ 
IDACo(02)CoIDA -

7 

6.58 Ethylenediaminetetraacetatocobaltate(m ion, superoxide adduct 

6.58.1 Ethylenediaminetetraacetatocobaitate(II) ion, superoxide adduct 

6.59 Iminodiacetatocobalt(m, H-abstraction product 

6.59.1 Iminodiacetatocobalt(II) 

Co[IDA-Hr + CoIDA ~ 3.5 X 106 

9 

7 

6.60 Nitrilotriacetatocobaltate(m ion, H-abstraction product 

6.60.1 First-o·rder reaction 

Co[NTA-Hr- > 

p.r. 

p.r.. 

p.r. 

p.r. 

D.k. in 02-satd. soln. contg. 0.001 mol 84A284 
L-1 CoIDA, 0.05 mol L-1 fonnate and 
0.001 mol L-J phosphate. 

D.k. at 330 nm in 0T5Iltd. 501n. contg. 84A249 
0.1 mol L -I formate, 0.01 mol L-1 

borate and 2.5 x 10-4 mol L-1 

CoEDTA2-.Reaction suggested to 
ep.np.r~tl': (Cn(IT)F.nTA 2-. 0 2

2-) which 

decays with k:::: 3 X 10-3 s-1 to give 
Co(III)EDTA- + ·OH + OH-. 

D.k. in N20-satd. soln. contg. ColDA 84A284 
and 0.001 mol L-1 phosphate. 

D.k. in NlO sotd. soln. contg. 4 >< 10-4 7&A436 

mol L-1 Co(NTAr. Reaction 
followed or paralleled by second-order 
decay, k = 2.5 X 107, 1 X 106,3.8 X 

105,2 X 106 L mol- I S-1 at pH 3.7, 5.0, 
6.5 and to.O, respectively. 

*For different results see the following 
entry. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.60 Nitrilotriacetatocobaltate(ll) ion, H-abstraction product - Continued 

6.60.2 Nitrilotriacetatocobaltate(II) ion, H-abstraction product 

Co [NTA-H]'- + Co[NTA-Hr- ~ 4.7 x 104 7 

6.61 Ethylenediaminetetraacetatocobaitate(ll) ion, H-abstraction product 

6.61.1 First-order reaction 

Co[EOTA-Hr2- ~ 

6.62 3,10,17,24-Tetrasuifophthalocyaninecobaltate(ll) ion, superoxide adduct 

6.62.1 3,10,17,24-Tetrasulfophthalocyaninecobaltate(II) ion, superoxide adduct 

7.:5 

6.63 1,4,8,11-Tetraazacyclotetradecanecobalt(ll) ion, dioxygen adduct 

6.63.1 Iron(II) ion 

p.r. 

p.r. 

p.T. 

Co(cyclam)(0,)2+ + Fe2+ ~ 6.3 X 102 25 f.p. 

6.64 S,lO,lS,lO-Tetrakis(l-methylpyridyl)porphinato(thiocyanato)cobalt(ll) ion 

6.64.1 First-order reaction 

CoTMpyP(SCN)3+ ~ SC~ + CoTMpyp4+ 

6.65 Cobaltocene 

6.65.1 Hydrogen ion 

CoCP2 +H+ ~ 42 0.3-
2.1 

p.r. 

p.r. 

6.66 Pentaammine(l-methyl-4,4'-bipyridinium)cobaIt(1U) ion, electron adduct 

6.66.1 Pentaammine(1-methyl-4,4'-bipyridinium)cobalt(III) ion 

[Co(NH3)5(mbpYW3+ + CO(NH3)5(mbpy)4+ 504 x 107 7.2 
.... CO(NH3)5(mbPY)~+ + CO(NH3)5(IDbpyP'" 

25 p.r . 

6.66.2 Pentaammine(l-rnethyl-4,4'-bipyridinium)cobalt(III) ion, electron adduct 

[Co(NH3)5(mbpy)],3+ + 1.2 x 108 7.2 25 p.r. 
[CO(NH3)5(mbpy)r3+ ~ Co(NH3)5(mbpy)4+ 
+ [CO(NH3)5(mbpy)]"2+ 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

D.k. at 250 nm in N20-satd. soln. 
contg. CoNTA - and 0.001 mol L -I 
phosphate. 

"'For dltferem resulls see the precedtng 
entry. 

79A255 

D.k. in N20-satd. soln. contg. 4 x 10-4 78A436 
mol L-1 Co(EDTA)2-. Reaction 
followed or paralleled by pH-
dependent second-order decay, k - 1.5 
X 104,3.8 x 103 and 2.5 x 104 L mol-I 

s-l at pH -3.5, 6 and 10, respectively; 
values obtained from graph. 

D.lI:. in 0rsatd. soln. contg. (1-10) )(. 89A497 
10-6 mol L-1 CO(tspc)4- and 
phospshate buffer; unclear whether k 
or2k. 

O.k. at 360 nm in soln. contg. O2• 

CH3Co(cyclam)2+, Fe2+ and 0.1 mol 
L-J HCI04· 

O.k. in Nrsatd. soln. contg. 
Co(1ll)TMpyP(SCN)4+ and 5% 2-
PrOII. 

90A079 

90Bon 

O.k. at 340 nm in Ar-satd. solo. contg. 88A066 
_10-5 mol L-1 COCP2+ and 0.0081-
0047 mol L-1 H+. 

O.k. at 600 nm in N20-satd. solo. 
comg. (5-200) x 10-$ mol L- 1 

Co(NH3>5(mbpy)4+ and 0.1 mol L- 1 

formate. 

D.k. at 600 nm in N.,O-satd. soln. 
contg. (5-200) x 10':-5 mol L- 1 

Co(NH3>5(mbpy)4+ and 0.1 mol L- 1 

formate. 

89A115 

89A115 
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TABLE 6. Rate constants for cobalt transients - Continued 

No.'" Reaction t(°C) Method Cormnent Ref. 

(J.67 Pentaammine( 4-nitrobenzoato )cobalt(1II) ion, electron adduct 

6.67.1 Oxygen 

6.9 

6.67.2 2-Methyl-l,4-naphthoquinone 

[CO(NH3)S02CC6H4-4-N02]'+ + 2-CH3NQ 1.6 x 109 

--t- Co(NH3)S02CC6H4-4-NOl+ + 
6.7 

[2-CH3NQr-

p.r. 

p.r. 

O.k. in soln. contg. 0.001 mol L-1 771027 
pentaamrnine(4-
nitrobenzoato)cobalt(III) ion, 0.1 mol 
L-1 formate, 1 x 10-4 mol L-1 O2 and 
0.023 mol L -1 N20. 

O.k. and p.b.k. in soln. contg . .0.002 771027 
mol L-1 pentaammine(4-
nitrobenzoato)cobalt(IIl) ion, 0.1 mol 
L-1 formate, 5 x 10-5 mol L-1 

menaquinone and 0.025 mol L-1 NzO. 

6.68 Pentaammine[ 4-(aminocarbonyl)-1-( carboxymethyl)pyridinio ]cobalt(1II) radical anion 

6.68.1 Pentaammine[4-(aminocarbonyl)-I-( carboxymethyl)pyridinio]cobalt(Ill) 'ion 

[Co(NH3)s(OzCCHZpy-4-CONHz}],2+ + 1.S X 109 4.5- 22 p.r. 
Co(NH3)s(OzCCHzpy-4-CONHz)3+ --t- 5.S 
CO(NH3)S(02CCH2Py-4-CONHz)3+ + 
CO(NH3)S(02CCH2Py-4-CONH2)2+ 

O.k. in NzO-satd. soln. contg. (5-30) x 83B029 
lO-s mol L-1 CoL3+ and 0.1 mol L-1 

2-PrOH or formate. 

6.69 Pentaammine[ 4-(aminocarbonyl)-I-( carboxymethyl)pyridinio ]cobalt(1D) radical, protonated 

6.69.1 Pentaammine[ 4-(aminocarbonyl)-I-( carboxymethyl)pyridinio ]cobalt(lll) ion 

[Co(NH3)S(H02CCHzpy-4-CONH2)r3+ + 1.6 x 108 22 p.r. 
Co(NH3)S(02CCH2Py-4-CONH2)3+ --t-

Co(NH3>S(02CCH2Py-4-CONH2)3+ + 
CO(NH3>S(02CCHzpy-4-CONH2)2+ + H+ 

O.k. in N20-satd. soln. contg. (5-30) x 83B029 
10-5 mol L-1 CoL3+ and 0.1 mol L-1 

2-PrOH or formate. 

6.70 Pentaammine[ 4-(aminocarbonyl),; 1-(I-carboxyethyl)pyridinio ]cobalt(1II) radical anion 

6. 70.1 Pentaammine[4-(aminocarbonyl)-I-(I-carhoxyethyl)pyridinio ]cobalt(lll) ion 

[Co(NH3)S(02CCH(CH3)Py-4-CONH2)r2+ + 1.4 x 109 4.5- 22 p.r. 
Co(NH3)S(02CCH(CH3)Py-4-CONHz)3+ --t- 5.5 
Co(NH3>S(02CCH(CH3)Py-4-CONH2)3+ + 
CO(NH3>S(02CCH(CH3)Py-4-CONH2}2+ 

O.k. in N20-satd. soln. contg. (5-30) x 83B029 
lO-s mol L-1 CoL3+ and 0.1 mol L-1 

2-PrOH or formate. 

6.71 Pentaammine[ 4-(aminocarbonyl)-I-(I-carboxyethyl)pyridinio ]cobalt(1II) radical, protonated 

6.71.1 Pentaammine[ 4-(aminocarbonyl)-I-(I-carboxyetbyl)pyridinio ]cobalt(lll) ion 

[Co(NH3}S(H02CCH(CH3)Py-4-CONH2)r3+ 1.5 x 108 22 p.r. 
1" Co(NH3)s(02CCH(CH3)Py-4-CONH2)3+ , 
Co(NH3)S(02CCH(CH3)Py-4-CONH2)3+ + 
CO(NH3)S(02CCH(CH3)Py-4-CONH2)Z+ + 
H+ 

O.k. in N20-satd. soln. contg. (5-30) x 83B029 
10-5 mol L-1 CoL3+ and 0.1 mol L-1 

2-OOH or formate. 

6.72 Pentaammine[ 4-(aminocarbonyl)-l-(l-carboxypropyl)pyridinio ]cobaJt(1II) radical anion 

6.72.1 Pentaarnmine[4-(aminocarbonyl)-I-(I-carboxypropyl)pyridinio]cobalt(ID) ion 

[Co(Nn~)'i(02C(CH2hpy-4-CONH2)r2+ + 1.0 x 108 4.5- 22 p.r. 
Co(NH3)s(02C(CH2hpy-4-CONH2)3+ --t- 5.5 
Co(NH3)S(02C(CH2hpy-4-CONH2)3+ + 
Co(NH3)s(02C( CH2hpy-4-CONH2)2+ 

O.k. in N20-satd. soln. contg. (5-30) x 83B029 
lO-s mol L-1 CoL3+ and 0.1 mol L-1 

2-PrOH or formate. 

6.73 Pentaammine[ 4-(aminocarbonyl)-I-(1-carboxypropyl)pyridinio ]cobalt(1II) radical, protonated 

6.73.1 Pentaammine[ 4-(aminocarbonyl)-1-(I-carboxypropyl)pyridinio ]cobalt(l1l) ion 

[Co(NH3)s(H02C(CH2)3Py-4-CONH2)r3+ + 3.0 x 107 22 p.r. 
Co(NH3)s(02C(CH2)3Py-4-CONH2)3+ .... 
Co(NH3>S(02C(CH2hpy-4-CONHz)3+ + 
Co(NH3>S<02C(CH2>Jpy-4-CONH2)2+ + H+ 

O.k. in N20-satd. soln. contg. (5-30) x 83B029 
lO-s mol L-1 CoL3+ and 0.1 mol L-1 

2-PrOH or fonnate. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.74 3,10,17,24-TetrasulfophthalocyaninecobaItate(llI) radical anion (reduced ligand) 

6.74.1 Oxygen 

[Co(tspc)r4- + O2 -+ 1-3 f.p. D.k. at 520 nm in soln. contg. 79A090 
[Co(tspc)h6-, 4.8 and 16 x 10-4 mol 
L-1 02 and 0.001-0.1 mol L-1 HCI04• 

6.75 3,10,17,24-TetrasulfophthaJocyaninecobaltate(Ill) radical anion (oxidized ligand) 

6.7S.1 2-Propanol 

[Co(tspc)r2- + 2-PrOH -+ 2.6 X ]03 

6.76 Dibromo(~minodiacetato )cobaJtate(Ill) ion 

6.76.1 First-order reaction 

CoIDABr2- -+ CoIDA(Br) + Br- 9.5 x 103 S-I 7 

6.77 Bromo(iminodiacetato )cobalt(DI) 

6.77.1 First-order reaction 

CoIDA(Br) -+ CoIDA + + Br- 5.4 x 102 s-I 7 

6.78 Hydroxy(iminodiacetato )cobalt(Ill) 

6.78.1 First-order reaction 

CoIDA(OH) -+ CoIDA + + OH- 1.2 x 104 S-I 7 

6.79 EthylenediaminetetraacetatocobaItate(1TI) ion, superoxide adduct 
6.79.1 Ethylenediaminetetraacetatocobaltate(lII) ion, superoxide adduct 

CoEDTA(02i- + CoEDTA(Oz)2- + 2 H20 3.4 X 102 9 
--+ O2 + H20 2 + 2 OH- + 2 CoEDTA-

f.p. D.k. at 480 nm in SOlD. contg. 79A090 
[Co(tspc)]z6-, 0.1-0.6 mol L-1 2-PrOH 
and 0.1 mol L-1 HC104 • 

p.r. P.b.k. at 270 nm in N20-satd. soln. 84A284 
contg. 0.1 mol L-1 NaBr, CoIDA and 
0.001 mol L-1 phosphate. 

p.r. D.k. at 270 nm in N20-satd. soln. 84A284 
contg. 0.1 mol L-1 NaBr,CoIDA and 
0.001 mol L-1 phosphate. 

p.r. D.k. in N20-satd. soln. contg. CoIDA 84A284 
and 0.001 mol L-1 phosphate. 

p.c. D.k. at 330 nm in 02-satd. soln. contg. 84A249 
0.1 mol L-1 formate, 5 x 10-5 mol L-1 

CoEDTA- and om mol L-1 borate. 

6.80 Hydrido-N-racw 5,7,7 ,12,14,14Mhexamethyl-l,4,8,11-tetraazacyclotetradeca-4,ll-dienecobalt(IU) ion 

6.80.1 Carbon dioxide radical anion 

25 p.r. 

6.81 HydridoMprim-N-rac-5,7 ,7 ,12,14,14-hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,1I-dienecobalt(Ill) ion 

6.S1.1 2-Hydroxy-2,2-dimethylethyl 

prim-N-rac-Co(4,11-dieneN4)(H)2+ + 
'CH2C(CH3hOH -+ tert-BuOH + 
N-rac-Co(4,11-dieneN4)2+ 

25 p.r. Estd. from d.k. in soln. contg. 0.5 mol 91A513 
L-J tert-BuOH and H2P04-. 

6.82 Hydroxymethyl(S,7,7,12,14,14-hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,11-diene)cobalt(llI) ion 

6.82.1 First-order reaction 

HOCH2Co(4,11-dieneN4)2+ -+ 

N-rac-Co(4,11-dieneN4)'" + HCHO + H'" 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

1-6 p.I. D.k. in N20-satd. soln. contg. (\-10) x 78A200 
10-4 mol L-1 CO(4,11-dieneN4)2+ and 
1 mol L -I MeOH. 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

(,.83 1.Hydroxyethyl(5,7,7,12,14,14-hexamethyl·l,4,8,11-tetraazacyclotetradeca-4,11.diene)cobalt(llI) ion 

6.83.1 First-order reaction 

HOCH(CH3)Co(4,11-dieneN4)2+ ... p.r. 
7 

D.k. in N20-satd. soln. contg. (1-10) x 78A200 
10-4 mol L-1 Co(4,11-dieneN4)2+ and 
1 mol L-1 EtOH. 

(,.84 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,11-diene(2,2,2-trifiuoro-l-hydroxyethyl)cobalt(llI) ion 

6.84.1 First-order reaction 

6 p.r. D.k. in N20-satd. soln. contg. (1-10) x 78A200 
10--4 mol L-1 Co(4,11-dieneN4)2+ and 
1 mol L -1 CF3CH20H. 

6.85 1,2-Dihydroxyethyl( S, 7, 7 ,12,14,14-bexamethyl-l,4,8,11-tetcaazacyclutdcadec,,-4,11·uitme )cubaH,(DI) iun 

6.85.1 First-order reaction 

HOCH2CHOHCo(4,11-dieneN4)2+ ... 
H(,OCH2Co(4, 11-rlie.np.N4)2+ + H 20 

15 s-1 
4 -I s 

3.5 
5.0 

6.86 1·Methylethyltetrakis(4-sulfonatophenyl)porphinatocobaltate(llI) ion 

6.86.1 First-order reaction 

p.r. 

(CH3hCHCOTPPSo1- -+ COTPPSs- + 
CH3CH=CH2 + H+ 

$3.3 X 10-1 S-1 8 21 p.r. 
2.9 s-1 13 

6.87 HyuruxYlllelhyltetrakhi(4-1liUlfollistuphellyl)po .. pbiualocobaltate(DI) ion 

6.87.1 First-order reaction 

HOCH2CoTPPS4- -+ CoTPPS5- ;: HCHO + 3.6 x 102 s-l 21 p.r. 
H+ 

(,.88 1-Hvdroxv-l-methvlethvltetrakis( 4-sulfonatophenvl)porphinatocobaltate(TIl) ion 
6.88.1 First-order reaction 

HO(CH3hCCoTPPS4- ... CoTPPS5- + 
CH3COCH3 + H+ 

6.89 (Methyl)-3,1 0,17,24. tetrasulfoph thalocyaninecobaltate(llI) ion 

6.89.1 Water 

CH3Co(lSpC)4- + H20 ... Co(tspc)3- + CH4 + 3.0 s-1 
OH-

6.1 

21 p.r. 

p.r. 

D.k. in N20-satd. soln. contg. (1-10) x 78A200 
10--4 mo] L-1 Co(4.I 1-dieneN4l+ and 
1 mol L-1 ethylene glycol. Product 
decays to Co(4,11-dieneN4)3+ + 
CH3CHO with k = 1.3 + 1.5 x 105[H+] 
s-l. 

D.k. in N20-satd. soln. comg. 5 x 10-5 83A088 
mol L-1 CoTPPS4- and 0.02 mol L-1 

diisopropyl sulfoxide. 

D.k. at 565 nm and p.b.k. at 450 and 83A088 
490 nm in N20-satd. soln. contg. 5 x 
10-5 mol L-1 COTPPS4- and 1.5 mol 
L-1 MeOH. 

D.k. at 555 nm and p.b.k. at 450 and 83A088 
515 nm in N20-satd. soln. contg. 5 x 
10-5 mol L -1 CoTPPS4- and 1.5 mol 
L-1 2-PrOH. 

D.k. at 450 nm in N20-satd. soln. 89A150 
contg.O.1 mol L-1 DMSO and 2 x 
10-5 mol L-1 Co(tspc)4-. Reaction 
preceded by first-order process, k = 2.5 
x 103 s-l, suggested to represent 
radical migration from ligand to metal 
center. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 6. Rate constants for cobait transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.90 (2-Hydroxy-2,2-dimethylethyl)-3,1 0,17 ,24-tetrasulfophthalocyaninecobaltate(Ill) ion 

6.90.1 First-order reaction 

HOC(CH3hCH2Co(tspc)4- -). 
(CH3hC=CH2Co(tspc)3- + OH-

6.1 p.r. 

6.91 (2-Hydroxy-l-methylpropyl)-3,10,17 ,24-tetrasulfophthalocyaninecobaltate(Ill) ion 

6.91.1 Water 

CH3CHOHCH(CH3}Co(tspc)4- + H20 -). 
Co(tspc)3- + OH- + CH3CH=CHCH3 

6.1 

6. 92 (2-Hydroyyethyl)-~> 10,17 ,24-tptrasI11fophthalocyaninecohaltate(lII) ion 

6.92.1 First-order reaction 

HOCH2CH2Co(tspC)4- -). Co(tspc)3- + OH- 5 5-1 6.1 
+ H2C=CH2 

p.r. 

p.r. 

6.93 (2-Hydroxy-l-methylethyl)-3,1 0,17 ,24-tetrasulfophthalocyaninecobaltate(Ill) ion 

6.93.1 First-order reaction 

HOCH2CH(CH3)Co(tspc)4- -). Co(tspc)3- + 8 s-I 
OH- + CH3CH=CH2 

6.94 Bromocob(Ill)alamin 

6.94.1 Water 

B12-Br + H20 -). B12a + Br-

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

6.1 p.r. 

-4.5 0.0] - 22 p.r. 
0.11 

D.k. in N20-satd. soln. contg. tert- 89A150 
BuOH and Co(tspc)4-. Reaction 
preceded by first-order process, k = 2 x 
103 S -I, suggested to represent radical 
migration from ligand to metal center. 
Reaction followed by first-order 
process, k = 4 S -I, suggested to 
represent formation of Co(tspc)3- and 

(CH3hC=CH2· 

D.k. in N20-satd. soln. contg. 2-butene 89A150 
and Co(tspc)4-, Reaction preceded by 
first-order process, It: = 2.4')( 103 s-I, 
suggested to represent radical 
migration from ligand to metal center. 

D.k. in N20-satd. so)n. ·contg. ethylene 89A 150. 
and Co(tspC)4-. Reaction preceded by 
first-order process, k = 1.2 X 103 s-I, 
suggested to represent radical 
migration from ligand to metal center. 

D.k. in N20-satd. soln. contg. 2-butene 89A150 
and Co(tspc)4-: Reaction preceded by 
first-order process, k = 1.0 X 103 s-l, 
suggested to represent radical 
migration from ligand to metal center. 

D.k. at 365 or 380 nm in N20-satd. 79A046 
soln. comg. cob(II)alamin and 0.01-
0.)] mol L-J bromide ion. Reaction 
preceded by first -order process, k = -1 
X 104 S-I, suggested to represent loss 
of Br- from initially fonned dibrominc 

adduct. 
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TABLE 6. Rate constants for cobalt transients - Continued 

Nn, Reaction t(°C) Method Comment Ref. 

t,,95 Pentaammine(pyridine)cobalt(lD) ion, OH adduct 
(,.95.1 First-order reaction 

* [Co(NH3>spyOH],3+ 8.5 x 103 s-1 2.9- p.r. D.k. at 330 nm in N20-satd. soln. 79A213 
7.2 contg. Co(NH3)5Py3+; suggested to 

represent ligand modification. 
Followed by another process which is 
second-order at pH 3 and pH 9 (k = 1.8 
x lOs and 1.9 x 107 L mol-1 s-l, 
respectively) and first-order but pH-
dependent between pH 5.2 (k = 6.0 
s-l) and pH 7.8 (k = 125 s-I); latter 
process suggested to represent 
disproportionation of coordinated 
radical in competition with 
intramolecular electron transfer (k = 
2.3 x 10-2 s-J at pH 3 and 11 s-1 at pH 
7) or deprotonation by OIr of 
coordinated radical (Ie = 1.8 x 108 L 
mol-1 s-I). 

*For different observations concerning 
the decay of [Co(NH3)spyOHr3+ see 
the following entry. 

6.95.2 Pentaarnmine(pyridine)cobalt(III) ion, OH adduct 

* [Co(NH3>SpyOHr3+ + [Co(NH3hpyOHr3+ 6.5 x lOs 5.9 22 p.r. D.k. in N20-satd. soln. contg. (1-20) x 
10-4 mol L-l Co(NH:,):;py3+; fo)1ow~rl 

76A265 

by two first-order processes, k = 40 
and 0:3 S-I, respectively. 

*Fordifferent observations concerning 
the decay of [Co(NH j )5PyOH),3+ flee 

the preceding entry. 

6.95.3 Oxygen 

[Co(NH3)spyOHr 3+ + O2 -)0 4.4 x lOs 5.2 p.r. D.k. at 330 nm in N20-satd. soln. 79A213 
contg. Co(NH3)Spy3+. 

6.96 Pentaammine(nicotinamide)cobalt(llI) ion, OH adduct 
6.96.1 Pentaammine(nicotinamide)cobalt(lll) ion, OU adduct 

[Co(NH3)SnaOH],3+ + [Co(NH3hnaOHr3+ 1.5 x 109 5.9 22 p.r. O.k. in N20-satd. soln. contg. 0-20) x 
10-4 mol L-1 Co(NH3)sna3+. 

76A265 

".97 Pentaammine(isoDicotinamlde)cobalt(Dl) ton, OH adduct 
6.97.1 Pentaammine(isonicotinamide)cobalt(III) ion, OH adduct 

[Co(NH3hisnOH],3+ + [Co(NH3)sisnOH]·3+ 3.0x 109 5.9 22 p.r. D.k. in N20-satd. soln. contg. 0-20) x 76A265 
-)0 10-4 mol L-1 Co(NH3)sisn3+. 

6.98 Tris(2,2'-bipyridine)cobalt(Ill) ion, OH adduct 

6.98.1 Ferricyaoide ion 

[Co(bpYh(bpyOH)r 3+ + Fe(CN)63- -+ 2.1 X 10li -6 p.r. D~k. at 370-440 nm in N20-satd. soln. 90A015 
contg. 0-2) x 10-4 mol L-1 

Co(bpYh3+. 

6.98.2 Oxygen 

[Co(bpYh(bpyOH)r3+ + O2 -+ 5.5 X 105 -6 p.r. D.k. at 375 and 425 nm in N2O-satd. 
soln. contg. 6.0 x 10-4 mol L-1 

90A015 

Co(bpyh3+. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

6.99 Cobalt(III) ion 

6.99.1 Thionine semiquinone, conjugate monoacid 

Co3+ + [ThHr+ -+ Co2+ + Th+ + H+ 3.0 X 109 2.5 0.2 f.p.loq 

6.100 Chlorocobalt(1D) ion 

6.100.1 2,3,9,10-Tetramethyl-1,4,8,U.tetraazacyclotetradeca-l ,3,8,1 O·tetraenecobalt(ll) ion 

CoCI2+ + Co(Me4tetraeneN4)2+ -+ Co2+ + 1.5 X 107 0 25 f.p. 
CO(Me4 tetraeneN 4)C)2+ 

D.k. of semithionine in soln. contg. 
C02+ and thionine (OQ). 

O.k. at 540 run in deaerated soln. 

777315 

79A016 

6.100.2 N.rac-5,7,7,12,14,14-Hexametbyl"l,4,8,11-tetraazacyclotetradeca-4,ll-dienecobaIt(lI) ion 

CoC)2+ + N-rac-Co(4,11-dieneN4)2+ -+ C02+ 1.6 X 106 2 0.1 25 f.p. D.k. at 340 nm in de aerated soln. 79AOl6 
+ Co(4,11-dicncN4)CI2+ 

6.100.3 5,7,7 ,12,14,14-Hexamethyl-1,4,8,1l·tetraazacyclotetradecanecopper(lI) ion 

CoC12+ + Cu(aneN4P+ -+ Co2+ + 4.5 X 103 0 25 f.p. 
Cu(aneN 4)CI2

+ 

6.100.4 Iron(II) ion 

CoCI2+ + Fe2+ -+ Co2+ + FeCI2+ o 25 f.p. 

6.100.5 5,7 -Dimetbyl-l,4,8,II-tetraazacYclotetradeca-4,7 .dienenickel(lI) ion 

CoC)2+ + Ni(Mer4,7-dieneN4)2+ -+ Co2+ + 1.2 X 107 0 25 f.p. 
Ni(Mer4,7 -dieneN 4)C12+ 

6.100.6 5,7, 7 ,12,14,14.Hexamethyl.1,4,8,11.tetraazacyclotetradecanenickeJ(lI) ion 

CoCI2+ + Ni(ancN4)2+ --+ Co2+ + 
Ni(aneN4)C}2+ 

5.3 x 107 o 25 f.p. 

6.100.7 5,7,7 ,12,14,14.HexamethyJ-l,4,8,1l-tetraazacyclotetradeca-4,1l-dienenickel(lI) ion 

CoC)2+ + Ni(4,1 1-dieneN4)2+ -+ Co2+ + 7.9 X 105 0 25 f.p. 
Ni(4,II-dieneN4)CI2+ 

6.100.8 2,3,9,10-Tetrametbyl-1 ,4,8,11.tetraazacyclotetradeca.l,3,8,1 O.tetraenenickel(II) ion 

CoCI2+ + Ni(Me4tetraeneN4)2+ -+ Co2+ + 1.6 X 105 0 25 f.p. 
Ni(Me4tetraeneN 4)C]2+ 

6.101 Aqua(methyJ)nitrilotriacetatocobaltate(Ill) ion 

6.101.1 Water 

CH3CoNTA(H20)- + H20 -+ 'CH3 + 
CoNTA(H20h-

6.101.2 Methyl 

CH3CoNTA(H20r + 'CH3 + H20 -+ 

CoNTA(H20)2- + C2H6 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

3.8 X 107 

6.2-
6.5 

p.r. 

p.r. 

P.b.k. at 344 nm in soln. contg. 5 X 

10-5 mol L-1 Co(NH3)sCI2+, 0.01-0.9 
mol L-1 cr and Co2+. 

Spectral changes in soln. contg. 5 x 
10-5 mol L -I Co(NH3),CI2+, 0.5-0.9 

mol L-1 cr and Co2+. 

P.b.k. at 344 nm in soln. contg. 5 x 
10-5 mol L-1 Co(NH3hCI2+, 0.01-0.9 
mol L-1 CI- and Co2+. 

83A271 

83A271 

83A013 
83A271 

P.h.k. at 344 nm in soln. contg. 5 x 83A271 
10-5 mol L -I Co(NH3hCI2+, 0.01-0.9 
mol L-1 Cl- and Co2+. 

P.b.k. at 344 nm in soln. contg. 5 x 83A27 I 
10-5 mol L-1 Co(NH3)sCI2+, 0.01-0.9 
mol L-1 cr and Co2+. 

P.b.k. at 344 nm in so)n. contg. 5 x 83A271 
10-5 mol L-1 Co(NH3)sCI2+, 0.01-0.9 
mol L-1 CI- and Co2+. 

O.k. at 310 nm in soln. contg. 0.1 mol 89A204 
L-1 DMSO, (0.5-4) x 10-3 mol L-1 

CoNTA-, 5 x 10-5 mol L-1 O2 or (0.1-
1) x 10-4 mol L-1 O2 and 0.001 mol 
L -I CoNTA -. k obtained as intercept 
frum plut uf kobs-1 vs (02r1 

Ul 

[CoNTA-]; kr= 1.6 X 108 L mo)-l s-I 

[88A343]. 

D.k. in N20-satd. soln. contg. CoS04, 
NTA and DMSO. 

89A204 
88A343 
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TABLE 6. Rate constants for cobalt transients - Continued 

Reaction t(°C) Method Comment Ref. 

/,1()2 Aqua(hydroxymethyJ)nitrilotriacetatocobaitate(llI) ion 

1l.102.1 Water 

HOCH2CoNTA(H20)- + H20 --t ·CH20H + 6.9 x 103 S-1 4-7 7 p.r. D.k. at 260 nm in N20-satd. soln. 88A343 
CoNTA(H20h - 3.9 x 104 s-1 25 contg. (1-50) x 10-4 mol L- 1 CoNTA-

5.5 x 105 s-1 55 and 0.2-1 mol L-1 MeOH; pKa = 4.7. 
tJ..H* = 66.9 kJ mol-i, tJ..St = 68.2 J [\1 

mol-I. k, = 9.7 X 107,2.0 X 108 and 
4.1 x 108 L mol- l s-I at 7, 25 and 55 
°C respectively. Mit = 20 kJ mol-i, 
tJ..St = -19.2 J X-I mol-I. 

(>.102.2 Hydroxymethyl 

HOCH2CoNTA(H20)- + ·CH20H + H2°-+ 5 x 108 25 p.r. Ca1cd. from d.k. at 260 nm in N.,O- 88A343 
CoNTA(H20h - + HOCH;!CH2OH satd. soln. contg. 0-50) x 10-4 ~ol 

L-i CoNTA- and 0.2-1 mol L-I 

MeOH. 

(,.103 Aqua(l-hydroxyethyi)nitrilotriacetatocobaitatenID ion 
(,J03.1 1.Hydroxyethyi 

HOCH(CH3)CoNTA(H20r + CH3CHOH + 3x 108 25 p.r. Calcd. from d.k. at 260 nm in N2O- 88A343 
H20-+ CoNTA(H20h- + other products. satd. soln. contg. (I-50) x 10-4 mol 

L- 1 CuNTA- <till) O.2-1I1lul L-1 ELOH, 
CH3CHO and butane-2,3-diol detected 
as products. 

6.103.2 Water 

HOC.H(CH3)CoNTA(H20r + H20 -+ 1.0 X 105 s-I 4-7 25 p.r. D.k. at 260 nm in N.,O-satd. soln. 88A343 
CH3CHOH + CoNTA(H2Oh- contg. (1-50) x 10-4 mol L-1 CoNTA-

and 0.2-1 mol L- I EtOH; pKa = 3.9; kr 
= 9.7 X 107 L mol-I S-I. 

h.I()4 Aqua(carboxymethyl)nitrilotriacetatocobaltate(1D) ion 

<'.104.1 First-order reaction 

02CCH2CoNTA(H20)2- -> 8.8 X 102 s-1 25 p.r. D.k. in N20-satd. soln. contg. CoNTA- 88A343 
and acetate. Reaction suggested to 
represent an isomerization. 

(d04.2 Water 

02CCH2CoNTA(H20)2- + H20 -+ ~1 X 103 S-1 4-7 25 p.r. D.k. at 260 nm in N20-satd. soln. 88A343 
·CH2C02 - + CoNTA(H2Oh- contg. (I-50) x 10-4 mol L-1 CoNTA-

and 0.2-1 mol L-1 AcOH; kr = 1.5 X 
107 L mol-I S-I. 

(")05 Aqua(l-ethoxyethyl)nitrilotriaceta tocobaltate(Ill) ion 

().IOS.! Water 

C2Hs.oCH(CH3)CoNTA(H20r .,.. H20 ..... 4.0 x 10~ S-l 4-7 25 p.r. D.k. at 260 nm in N20-satd. soln. MA343 
CH3CHOC2Hs + CoNTA(H2Oh- contg. (1-50) x 10-4 mol L-1 CoNTA-

and 0.2-1 mol L-1 Et20; kr=4.9 x 107 

L mol-I s-I. 

(;.106 Aqua(l-hydroxy-l-methylethyl)nitrilotriacetatocobal tate(Ill) ion 

6.106.1 Water 

HOC(C~3hCoNTA(H:pr + H20 ~ 3.7 X 104 S-1 4-7 25 p.r. D.k. at 260 nm in N20-satd. soln. 88A343 
(CH;\)2COH + CoNTA(H20h - contg. (1-50) x 10-4 mol L-1 CoNTA-

and 0.2-1 mol L-1 2-PrOH; pKa = 4.5; 
kr = 2.3 X 107 L mol-I S-I. 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 6. Rate constants for cobalt transients - Continued 

No. Reaction t(°C) Method Comment. Ref. 

6.106 Aqua(1-hydroxy-l-methylethyl)nitrilotriacetatocobaltate(1D) ion - Continued 

6.106.2 I-Hydroxy-l-methylethyl 

HOC(CH3hCoNTA(H20r + (CH3hCOH ~ 1.5 x lO7 
CoNTA(H20h - + other products 

6.107 Aqua(bromo )nitriJotriacetatocobaltate(Ill) ion 

6.107.1 Water 

CoNTA(Br)(H20r + H20 ~ CoNTA(H20 h 
+ Br-

6-8 

4.9 
lOA 

25 p.r. 

25 p.r. 

Calcd. from d.k. at 260 nm in N20-
satd. soln. contg. 0-50) x 10-4 mol 
L-1 CaNT A- and 0.2-1 mol L-1 2-
PrOH; acetone detected as product. 

88A343 

O.k. in N20-satd. soln. contg. CoNTA - 88A343 
and Br-. 

6.108 Aqua(hydroxymethyJ) [N-(2-hydroxyethyJ)-N,N' ,N'-ethylenediaminetriacetatoJcobaltate(1D) ion 

6.108.1 First-order reaction 

6.108.2 Water 

1.8 X lO-2 S-1 
1.0 X lO-2 S-I 

HOCH2CoHEOTA(H20)- + H20 -» "CH20H $60 s-1 
+ CoHEDTA(H20)-

6.109 O-Sulfilu(ldn.adhylt:m:pt:ubuuim:)cul.Jalt(1D) iOIl 

6.109.1 First-order reaction 

Co(tetren)OS02 + + H+ -» Co(tetren)(OH)2+ + 3.1 x 103 S-l 

S02 

6.110 Decaammine-ll-peroxidodicobalt(1ll) ion 

6.110.1 Tris(2,2'-hipyridine)ruthenium(lll) ion 

[Co(NH3)sM02)4+ + Ru(bpy)l+ -» 1.3>< 107 

[Co(NH3)sh<02)S+ + RU(bpy)/+ 

6.111 Il-Amido-ll-peroxidooctakisamminedicobalt(Ill) ion 

6.111.1 Tris(2,2'-hipyridine)rutbenium(llI) ion 

NH2[Co(NH3)4h(02)3+ + Ru(bPY)33+ -» 304 x 105 

NH2[Co(NH3)4h<0 2)4+ + Ru(bpy)l+ 

4.1 
10.3 

o 

o 

6.112 Il-Amido-Il-peroxidotetrakis( ethyJenediamine )dicobalt(llI) ion 

6.112.1 Tris(2,2'.bipyridine)ruthenium(llI) ion 

NH2[Co(enhh<02)3+ + Ru(bpyh3+ ~ 2.5 X 106 

NH2[Co(enhM02)4+ + Ru(bpYh2+ 
o 

6.113 Il-Amido-j.l.-peroxidotetrakis(2,2'-bipyridine)dicobaJt(1ll) ion 

6.113.1 Tris(2,2'·bipyridine)ruthenium(llI) ion 

NH2[Co(bpYhh<02P+ + Ru(bPYh3+ -» 3.0 X 108 

NH2[Co(bpYhM02)4+ + Ru(bPYh2+ 
o 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

25 p.r. O.k.; pKa = 9.0. 88A343 

25 p.r. 88A343 

25 f.p. O.k. at 290 nm in soln. cootg. 304 X 88A405 
10-4 mol L-1 Co(tetren)S03 + and 
varied [HCI041. Reaction also 
investigated as a function of [MeOH], 
[CH3CNJ and [OMSOJ. 

f.pJoq P.b.k. at 450 nm in soln. contg. 81 A065 
Ru(bpYh2+, [(NH3)sCoh(0 2)s+ (OQ) 
and 1 mol L-1 HCI. 

f.p.loq P.b.k. at 450 om in soln. contg. 
RU(bpyh2+, NH2[Co(NH3)4h(0 2)4+ 
(OQ) and 1 mol L -I HCr. 

81A065 

f.p.loq P.h.k. at 450 nm in soln. contg. 81A065 
Ru(bpYh2+, NH2[Co(enhh(02)4+ 
(OQ) and 1 mol L-1 HCI; k = 7.6 x 1O=-
L moJ-1 s-I detd. by s.f. 

f.p./oq P.b.k. at 450 nm in soln. contg. 
Ru(bpYh2+, NH2[Co(bPYhh(0 2)4+ 
(OQ) and 1 mol L-1 HCI. 

81A065 
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TABLE 6. Rate constants for cobalt transients - Continued 

"r-::=" ==================================== 
No. Reaction k (L mo]-1 s-l) pH t(°C) Method Comment 

(,.114 J.l-Amido-ll-peroxidotetrakis(l,lO-phenanthroline)dicobalt(Ill) ion 

6.114.1 Tris(2,2'.bipyridine)ruthenium(III) ion 

NH2[Co(phenhh(0 2)3+ + Ru(bpyh3+ -+ 3.6 x 108 o f.p.loq P.h.k. at 450 nm in soln. contg. 
NH2[Co(phenhh(02)4+ + Ru(bpyh2+ 

(d15 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatocobaltate(Ill), radical cation 

6.115.1 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatocobaltate(lD), radical cation 

[CoTPPSr2- + [CoTPPSr 2- -+ 2.1 x 109 7 p.r. 

Ru(bPYh2+, NH2{Co(phenhh<0 2)4+ 
(OQ) and 1 mol L-1 HCl. 

D.k. at 700 nm in N20-satd. soln. 
contg. 0.01 mol L-1 KBr. 

Ref. 

81A065 

86S115 
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TABLE 7. Rate constants for chromium transients 

No. Reaction k (L mol-1 S-I) pH t(°C) Method Comment Ref. 

7.1 Chromium(1) ion 
7.1.1 First-order reaction 

Cr+ --+> :;;5 x 103 S-1 3.0- 22 p.r. D.k. at 350 nrn in Ar-satd. soln. contg. 741142 
4.3 Cr(II). Reaction thought to be Cr+ + 

HzO in competition with Cr+ + HzOz. 
H2 detected as product. 

7.2 Chromium(m ion 

7.2.1 Perrnanganate ion 

C~++Mn04- --+> 4x 109 20 p.r. D.k. at 545 nm in soln. contg. 10-5 mol 650385 
L-1 Mn04- and (0.2-1.9) x 10-3 mol 
L-1 C~+. 

7.2.2 Hydrogen peroxide 

C?+ + H20 2 -;. CrOH2+ + 'OH 7.1 x 104 1.0 25 f.p. D.k. in soln. contg. ~1 x 10-4 mol L-1 83A047 
CrCHCI/+ (or CrCH20CH3

2+) and 
(019-'.58) ')( 10-3 mol L-1 H20 z; d. 
experiments gave the same value. 

7.2.3 Oxygen 

C?+ + O2 -)0 Cr022+ 1.6 X 108 2.6- 0.1 25 p.r. P.b.k at 300 nm in soln.contg. 0.5 mol 761134 
4.j L I tert-tluUH, (2 or lU) x 10 3 mol '/::>106:; 

L-1 er3+ and (2.6 or 13) x 10-4 mol L-1 

°2' 

1.9 x 108 3.4 25 p.r. C.k. with I A-benzoquinone in soln. 
contg. °2, 10-2 mol L -I C?+ and 0.5 

761134 

mol L-1 tert-BuOH; assumed k(C?+ + 
lA-benzoquinone) = 3.2 x 108 L mol-1 

-I s . 

1.6 X 108 1-3 p.r. P.b.k. at 290 nm in soln. contg. (1-40) x 751215 
10-3 mol L-1 C?+ and (O.2S-1.25) x 
10-3 mol L -1 O2, 

7.2.4 9,10-Anthraquinone-2,6-disulfonate ion 

C?+ + 2,6-diS03AQ2-. -1- C~+ + 2.8 X 109 7.0 p.r. P.b.k. in soln. contg. -1 mol L-1 tert- 751032 
[2,6-diS03AQr3- BuOH,5 x 10-3 mol L-1 Cr(CI04h.5 x 

10-5 mol L -1 2,6-diS03AQ2- and -1 x 
10-3 mol L-1 phosphates. 

7.2.5 1,4-Benzoquinone 

C?+ + Q -+ C~+ + Q'- * 3.2 x 108 3.4 0.1 25 p.r. P.h.k. at 410 nm in soln. contg. 0.5 mol 761134 
L-1 tert-BuOH;1O-2 mol L -I C~+ and 
(2.5-37.5) x 10-5 mol L-1 Q. 

* 3.5 X 109 7.0 p.r. P.h.k. in soln. contg. -I mol L-1 tert- 751032 
BuOH, 5 x 10-3 mol L -1 Cr(CI04h, 5 x 
10-5 mol L-1 Q and -1 x 10-3 mol L-1 

phosphates. 

* Unexplained discrepancy in these 
data. 

7.2.6 Tetranitrnmethanp 

Cr2+ + C(N02)4 -+ Cr3+ + 'N02 + 1.2 x 108 304 0.1 25 p.r. P.b.k. at 350 om in deaerated soln. 761134 
C(N02)3 contg. -1 mol L-'lerl-BuOH, 10-2 mol 

L -1 C~+ and (3.l8~ 18.6) x 10-5 mol L-1 

tetranitrometh::me. 
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TABLE 7. Rate constants for chromium transients - Continued 

Reaction k (L moI-J S-I) pH t(°C) Method Comment Ref. 

1 .. ' trans-Diaqua-l,4,8,11-tetraazacyclotetradecanechromium(m ion 

73.1 1,1 '-Dimethyl-4,4'-bipyridinium 

trans-Cr(cyclam)(H20h2+ + MV2+--+ 4.5 X lOS [Cn 1.3- 0.05 25 f.p./rq P.b.k. at 600 nm in soln. contg. trans- 90A428 
trans-Cr(cyclam){H20h3+ + MV'+ 3 Cr(cyclam)(NH3h3+, MV'+ (RQ) and 

0-50) x 10-3 mol L-J H+. Reaction 
preceded by rapid aguation of 
Cr(cyclam)(NH3h2+. Rate proportional 
to [Cr]. 

7.:1.2 Benzyl bromide 

trans-Cr(cyclam)(H2°)z2+ + 9.2 x 103 f.p./rq Soln. contg. trans-Cr(cyclam)(NH3)z3+ 90A428 
C6Hs<;H2Br --+ BrCr(cyc1am)(H20)2+ + and MV'+ (RQ); monitored by reaction 

C6HsCH2 + H2O of benzyl radical with MV·+. Reaction 
preceded by rapid aquation of 
Cr(cyclam)(NH3h2+. 

7.3.3 lert-Butyl hydroperoxide 

trans-Cr(cyclam)(H20}z2+ + 1.5 x 105 f.p./rq Soln. contg. trans-Cr(cyclam)(NH3}z3+ 90A428 
(CH3)3COOH --+ and MV-+ (KQ); momtored by reactIon 
trans-Cr(cychlm)(H20h3+ + 'CH3 + of methyl radical with MV·+. Reaction 
CH3COCH3 + O1r preceded by rapid aquation of 

Cr{cyclam)(NH3h2+. 

7.4 Tris(2,2' -bipyridine )chromium(m ion 

7.4.1 5,7,7,12,14,14-Hexamet~yl-l,4,8,11-tetraazacyclotetradecanesilver(II) ion 

Cr(bpY)32+ + Ag(aneN4)2+ --+ 1.3 x 108 4 0.03 p.r Nz-satd. soln. contg. alcohol as OH 88A334 
Cr(bpYh3+ + Ag{aneN4)+ scavenger. 

7.4.2 Tris(2,2'-bipyridine)silver(II) ion 

Cr(bpYh2+ + Ag{bpy)/+ --+ Cr(bpYh3+ 3.7 x 108 4 0.1 p.r N2-satd. soln. contg. alcohol as OH 88A334 
+ Ag(bpY)3+ scavenger. 

7.4.3 Tris(2,2' -bipyridine )cobalt(III) ion 

Cr(bpYh2+ + CO(bpY)33+ --+ Cr(bpYh3+ 1.1 x 108 5.& 0.15 23 f.pirq D.k. at 560 nm in Ar-satd. soln, contg. 88A514 
+Co(bpYh2+ Cr(bpYh3+, EDTA (RQ) or c2oi- (RQ) 

and Co(bpYh3+. 

7.4.4 Tris(I,1 O.phenanthroline )cobalt(III) ion 

Cr(bpy)/+ + Co(phenh3+ --+ Cr(bpYh3+ 1.3 x 108 5.8 0.15 23 f.p./rq D.k. at 560 nm in Ar-satd. soln. contg. 88A514 
+ Co(phenh2+ Cr(bpYh3+, EDTA (RQ) or c2oi- (RQ) 

and Co(phen h 3+. 

7.4.5 1,4,8,11-Tetraazacyclotetradecanecobalt(III) ion 

Cr(bpy)/+ -I- Co(cyclam)3+ --+ 4.4 x 107 -0 25 f.pJrq D.k. in solo. contg. (0.6-8) x 10-4 mol 89A050 
Cr(bpYh3+ + Co(cyclam)2+ L-J Co(cyclam)3+, (0.8-2.5) X lO-s mol 

L -J Cr(bpy)l+' Co(cyclam)2+ (RQ) and 
).0 mol L -1 H2SO4, 

7.4.6 3,10,17,24-T4;trasulfophthalocyanin4;cobaltat4;(lI) radical cation 

Cr(bpYh2+ + [Co(tspc)]"3- 8.2 x 108 2 f.p.lrq P.b.k. at 560 nm in soln. contg. mixed 79A090 
Cr(bpYh3+ + Co(tspC}4- dimer, ~ 10~ mol L-1 Co(tspC)4- (RQ), 

(5-10) x 10-3 mol L-1 Cr(bpyh3+ and 
10-2 mol L-1 HC)04' 

7.4.7 Iron(III) ion 

Cr(bpYh2+ + Fe3+ -l- Cr(bpYh3+ + Fe2+ 9.2 X 108 0 1.0 25 f.p./rq D.k. at 560 nm in Ar-satd. soln_ contg. 8&A104 
9.1 X 108 1.0 Cr(bpYh3+, Fe2+ (RQ), HCI04 and 
1.0 x 108 0.15 excess Fe3+. 

1.0 x 109 0 15 f.p.lrq D.k. in soln. contg. Cr(bpYh3+, Fe2+ 84E387 
(RQ) and 1 mol L-1 HCI04. 

7.4.8 Chloroiron(III) complexes 

Cr(bpYh2+ + FeCI x (3-x)+ --+ Cr(bpYh3+ 
+ FeClx (2-x)+ 

1.4 x 109 0 15 f.p.lrq D.k. in solD. contg. Cr(bpYh3+, 
FeClx (2-x)+ (RQ) and 1 mol L-1 HCI. 

84E387 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction k (L mol-1 S-I) pH t(°C) Method Comment Ref. 

7.4 Tris(2,2'·bipyridine)chromium(m ion - Continued 

7.4.8 Chloroiron(In) complexes - Continued 

1.4 x 109 0 -23 f.pJrq D.k. at 420 run in soln. contg. 81A060 
Cr(bpYh3+, 1 mol L-1 HCl and 
FeCl

x 
(2-x)+ (RQ). 

7.4.9 Sulfatoiron(Ill) ion 

Cr(bpYh2+ + FeS04 + -+ Cr(bPYh3+ + 7.3 X 108 3 0.2 f.pJrq D.k. in soln. contg. 5 x 10-5 mol L-I 767517 
FeS04 Cr(bpYh3+ and 2 x 10-3 mol L-I 

FeS04 + (RQ). 

7.4.10 Oxygen 

Cr(bpYh2+ + O2 -+ Cr(bpy)l+ + 02'- 6.0 X 105 5.8 0.15 22 f.p.lrq D.k. at 560 nm in soln. contg. (1.0·3.3) 88A233 
x 10-4 mol L-I Cr(bpY)33+, 0.05 or 0.1 
mol L-1 oxalate (RQ) or 1.4 x 10-3 mol 
L-1 EDTA (RQ) and varied [02], 

7.4.11 Tetraammine(diftuoro)platinum(IV) ion 

Cr(bpYh~+ 01- Pt(NH3)4FZ2+ -+ 40 x lOS 0.1 20 f.pJrq Air-satd. soln. contg'. Cr{bpYh3+ and 92A471 
Cr(bPYh + + Pt(NH3)4F2 + EDTA(RQ). 

7.4.12 Tris(2,2'·bipyridine)ruthenium(Ill) ion 

Cr(bpYh2+ + Ru(bPYh3+ -+ Cr(bpYh3+ 2.6x 109 3 0.2 f.p./rq or D.k. in soln. contg. 1 x 10-4 mol L-I 767517 
+ Ru(bPY)/+ oq Cr(bPY)/ I (OQ) and 3.3 x 10-5 mol L-1 

Ru(bpYh2+ (RQ). 

7.4.13 Sulfur dioxide 

Cr(bPYh2+ + S02 -+ Cr(bpYh3+ + 3.0 x ]07 -0 25 f.p.lrq D.k. in soln. contg. (1-5) x 10-3 mol L-I 89A050 
S02'- Co(cyclam)2+ (RQ), 0-7.5) x 10-3 mol 

L-I S02, Cr(bpYh3+ and 1.0 mol L-1 

H2S04; k = 3.4 X 107 L morl S-I in the 
presence of 1.0 mol L-1 HCI04• 

7.4.14 Uranyl (VI) ion 

Cr(bPYh2+ + uol+ -+ Cr(bpYh3+ + 1.6 x 106 1.7 0.1 25 f.p.lrq D.k. at 560 nm in soln. contg. 5 x 10-5 88A065 
U02+ mol L-I Cr(bpYh3+, -5 x 10-{i mol L-I 

Cr(bpYh2+, (6-15) x 10-5 mol L-I U02 + 
(RQ) and (2.5-10) x 10-4 mol L-I 

U02
2+; [H+] = 0.02 mol L-I . 

7.4.15 Tetranitromethane 

Cr(bPYh2+ + C(N02)4 -+ Cr(bpYh3+ + -3 x 109 7 22 f.p. 88A233 
C(N02h- + 'N02 

7.5 Tris(2,2'·bipyridine)chromium(III), EDTA radical addn. product 
7.5.1 Tris(2,2' -bipyridine)chromium(Ill) ion 

Cr(bpyh(bpy.'EDTA')+ + Cr(bpY)33+ 1.4 x 109 25 f.p.lrq D.k. at 605 nm in soln. contg. 89A289 
-+ Cr(bpyh(bPY- 'EDTA')2+ + Cr(bpYh3

+ and EDTA (RQ); transient 
Cr(bpY)32+ suggested to be ligand addition product 

(of EDT A radical). 

7.6 Tris( 4,4' -dimethyl·2,2' -bipyridine )chromium(m ion 
7.6.1 Tris(ethylenediamine)cobalt(llI) ion 

Cr(4,4'-Me2bPYh2+ + Co(enh3+-+ 6.6 x 104 5.8 0.15 23 f.p.lrq D.k. at 560 nm in Ar-satd. soln. contg. 88A514 
Cr(4,4'-M~bpYh3+ + Co(en)/+ Cr(4,4'-Me2bPYh3+, EDTA (RQ) or 

c201- (RQ) and Co(enh3+. 

7.6.2 Tris(2,2' .bipyridine)cobalt(Ill) ion 

Cr(4,4'-Me2bpy)l+ + Co(bpy)l+-+ 2.8 X 108 5.8 0.15 23 f.p.lrq D.k. at 560 nm in Ar-satd. soln. contg. 88A514 
Cr(4,4'-Me2bpYh3+ + Co(bpy)l+ Cr(4,4'-Me2bpyh3+, EDTA (RQ) or 

c201- (RQ) and CO(bPY)33+. 
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TABLE 7. Rate constants for chromium transients - Continued 

',,) Reaction pH I(°e) Method Comment Ref. 

7.(, Tris(4,4'-dimethyl-2,2'-bipyridine)chromium(m ion - Cootinued 

7.6.3 Tris(1,10-phenanthroline )cobaJt(lII) ion 

Cr(4,4'-Mezbpyhz+ + Co(pheoh3+-+ 3.6 x]08 5.8 0.15 23 f.p./rq O.k. at 560 om io Ar-satd. solo. cootg. 88A514 
Cr(4,4'-Mezbpy)l+ + Co(pheoh2+ Cr(4,4'-Mezbpyh3+, EOTA (RQ) or 

CzO/- (RQ) aod Co(phenh3+. 

7.6.4 1,4,8,11-Tetraazacyciotetradecanecobalt(llI) ion 

Cr(4,4'-Mezbpyh2+ + Co(cyclam)3+ -+ -7 X]08 -0 25 f.p./rq O.k. in solo. contg. (0.6-8) x 10-4 mol 89A050 
Cr(4,4'-Me2bpyh3+ + Co(cyclam)z+ L-1 Co(cyclam)3+, (0.8-2.5) x ]0-5 mol 

L-1 Cr(4,4'-Me2bpyh3+, Co(cyclam)2+ 
(RQ) and 1.0 mol L -I H2SO4, 

7.6.5 Chloroiron(llI) complexes 

Cr(4,4' -Me2bpyh2+ + FeClx (3-x)+ -+ 
Cr(4,4' -Me2bpyh3+ + FeClx (2·x)+ 

1.1 x ]010 0 -23 f.p./rq D.k. in solo. cootg. Cr(4,4'-Me2bpyh3+, 
] mol L-1 HCI and FeCI/2- X)+ (RQ). 

81A060 

7.6.6 Sulfatoiron(lIl) ion 

Cr(4,4' -Mezbpy)/+ + FeSO/ -+ 7.0 x ]08 1.2 0.15 -25 p.r. O.k. at 420 nm in Ar-satd. solo. cootg. 81A060 
Cr(4,4' -Mezbpyh3+ + FeS04 Cr(4,4'-Me2bpyh3+, 0.05 mol L-1 

H 2S04, 0.52 mol L-I 2-I'rOIl and 

FeS04· 

7.6.7 Oxygen 

Cr(4,4'-Me2bpyh2+ + O2 -+ 1.4 X 107 5.8 0.15 22 f.p./rq O.k. at 560 or 480 om in solo. cootg. 88A233 
Cr(4,4'-Me2bpyh3+ + 02'- (1.0-1.6) X 10-4 mol L-1 Cr(4,4'-

Me2bpY)33+,0.05 mol L -I oxaJate (RQ) 
or 1.4 x ]0-3 mol L-J EOTA (RQ) and 
varied [02J. 

1.8 x ]07 5.8 0.15 22 f.p./rq O.k. at 560 om in solo. cootg. (1.0-1.6) 88A233 
x 10-4 mol L-1 Cr(4,4'-Mezbpyh3+, 
0.01 mol L-1 Fez+ (RQ) and varied [02J. 

7.6.8 Tetraammine(difluoro}platinum(IV) ion 

Cr(4,4' -Me2bpy)/+ + Pt(NH3)4Fl+ -+ 1.6 X ]06 0.1 20 f.p./rq' Air-satd. solo. contg. Cr(4,4'- 92A471 
Cr(4,4'-Me2bpyh3+ + Pt(NH3)4F2 + Me2bpyh3+ aod EDTA (RQ). 

7.6.9 Uranyl (VI) ion 

Cr(4,4'-Me2bpyh2+ + UO/+-+ -1.6 x 107 2.7 0.1 25 f.p./rq O.k. at 560 om io solo. contg. 8 x 10-5 88A065 
Cr(4,4'-Me2bpy)l+ + U02+ mol L-1 Cr(4,4'-Me2bpyh3+, -8 x 10-6 

mol L-1 Cr(4,4'-Me2bpy)/+, (1.5-3) x 
10-4 mol L-1 U02+ (RQ) and (0.5-2.0) 
x 10-3 mol L-1 UO}+; [H+J = 0.002 
mol L-1

; k obtained by extrapolation to 
higher values of the [U02 +]/[U02 2+] 
ratio. 

7.7 Tris( 4,4' -diphenyl-2,2' -bipyridine )chromium(m ion 

7.7.1 Chloroiron(IIn complexes 

Cr(4,4'-Phzbpy),2+ + FeClx(3-x)+ -> 1.6 x 109 0 23 f.p.lrq D.k. in 30ln. contg. Cr(4,4'-Ph2bpyh3+, 81A060 
Cr(4,4' -Ph2bpYh3+ + FeClx (2-x)+ 1 mol L-1 HCI and FeClx(2-X)+ (RQ). 

7.8 Tris(l,lO-phenanthroline)chromium(II) ion 
7.8.1 Trls(2,2' -bipyridine)cobalt(III) ion 

Cr(phen)/+ + CO(bpY)33+ -+ 2.0 x]08 5.8 0.15 23 f.p./rq O.k. at 430 om io Ar-satd. solo. cootg. 88A514 
Cr(pheoh3+ + Co(bpYh2+ Cr(phenh3+, EOTA (RQ) or c20i-

(RQ) and CO(bPY)33+. 

7.8.2 Tris(1,1 O-phenanthroline )cobaU(lII) ion 

Cr(pheoh2+ +Co(phenh3+-+ 2.0 x 108 5.8 0.15 23 f.p./rq O.k. at 430 om io Ar-satd. soln. contg. 88A514 
Cr(pheoh3+ + Co(phen)/+ Cr(phenh3+, EOTA (RQ) or C20/-

(RQ) and Co(phenh3+. 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction pH teC) Method Comment Ref. 

7.8 Tris(l,lO-phenanthroline)chromium(m ion - Continued 

7.8.3 1.4.8.11-Tetraazacyc1otetradecanecobaltOm ion 

Cr(phen)32+ + Co(cyclam)3+-» 1.3 X 108 -0 25 f.p.lrq D.k. in soln. contg. (0.6-8) x 10-4 mol 89A050 
Cr(phenh3+ + Co(cyclam)2+ L -1 Co(cyclam)3+, (0.8-2.5) X 10-5 mol 

L -I Cr(phenh3+, Co(cyclam)2-1' (RQ) 
and 1.0 mol L -1 H2SO4 , 

7.8.4 Chloroiron(llI) complexes 

Cr(phenh 2+ + FeClx (J·x)+ ~ 1.3 X 109 0 -23 f.p.lrq D.k. in soln. contg. Cr(phenh3+, 1 mol 8IA060 
Cr(phenh3+ + FeClx(2.x)+ L-1 HC) and FeClx(2-x)+ (RQ). 

7.8.5 Oxygen 

Cr(phenh2+ + O2 -+ Cr(phenh3+ + 02'- l.5 X 106 5.8 0.15 22 f.pJrq D.k. at 430. 450 or 690 nm in soln. 88A233 
contg. (1.0-3.3) x 10-4 mol L-1 

Cr(phen)l+' 0.05 or 0.1 mol L-1 

oxalate (RQ) or 1.4 x 10-3 mol L-1 

EDTA (RQ) and varied [02J. 

7.8.6 Sulfur dioxide 

Cr(phen)32+ + SOz -oj. CT(phenh:l+ + 9.5 X]07 25 tpJrq U.k. in soln. contg. (1-5) x 10-:1 mol L-1 ~9AU5U 

S02'- Co(cyclam)z+ (RQ), (1-2.5) x 10-3 mo] 
L-1 S02' Cr(phenh3+ and 1.0 mol e 1 

H2SO4, 

7.8.7 Uranyl (VI) ion 

Cr(phenh 2+ + vol+ -+ Cr(phen)l+ + 2.4 x 106 2.7 0.1 25 f.p.lrq D.k. at 430 nm in soln. contg. 8 x 10-5 88A065 
U02+ mol L-1 Cr(phen)33+, -8 x 10-6 mol L-1 

Cr(phen)l"". 1.5 x 10-4 mol L -1 U02-1' 
(RQ) and 1-2 x 10-3 mol L-1 uol+; 
[H+] = 0.002 mol L -I. 

7.9 Tris(l,lO-phenanthroJine)chromium(llI), EDTA radical addn. product 

7.9.1 lris(l,lO.plrenanthroline)chromiumOII) ion 

Cr(phen}z(phen-'EDTA')"" + 1.7 x 109 

Cr(phenh3+ -» 
Cr(phen)z(phE"n-'F.OTA,)2+ *-
Cr(phenh2+ 

25 f.pJrq D.k. at 605 nm in soln. contg. 89A289 
Cr(phenh3+ and EDTA (RQ); transient 
~u8gested to be lig9Jld addition product 
(of EDT A radical). 

7.10 Tris(I,10.phenanthroline)chromium(llI), carboxyl radical addn. product 
7.10.1 T.d:!i(1 ,10-plu::mmtlu"oJim: )du-ollliwu(lll) iOIl 

Cr(phenh(phen-C02)2+ + Cr(phenh3+ 8.2 x lOs 25 f.pJrq D.k. at 605 run in soln. contg. 89A289 
~ Cr(phenh(phen-C02)3+ + Cr(phenh3+ and c2ol- (RQ); transient 
Cr(phenh 2+ suggested to be ligand addition product 

(of • CO2 - radical). 

7.11 Tris( 5-chloro-l,1 O-phenanthroline )chromium(m ion 

7.11.1 Tris(2,2' -bipyridine)cobalt(In) ion 

Cr(S-Clphen)l+ + Co(bpy)l+ -:I> 1.2 X 108 5.8 0.15 23 f.p.lrq D.k. at 440 nm in Ar-satd. soln. contg. 88A514 
Cr(5-Clphenh3+ + CO(bPYh2+ Cr(5-Clphenh3+,EDTA (RQ) or C20 4

2-
(RQ) and Co(bpy)l+. 

7.11.2 Tris(l,lO-phcnanthrolinc)cobalt(III) ion 

Cr(5-Clphen)32+ + Co(phen)3 3+ ~ 1.6 X 108 5.8 0.15" 23 f.p.lrq D.k. at 440 nm in ANatd. solo. contg. 88A514 
Cr(5-Clphen)/+ + Co(phen)l+ Cr(5-Clphenh3+, EDTA (RQ) or C20/-

(RQ) and Co(phenh3+. 

7.11.3 1 ,4,8~1l-Tetraazacyc)otetradecanecobaJt(lIl) ion 

Cr(5-Clphen)l+ + Co(cyclam)3+-+ 1.7 x 107 -0 25 f.p.lrq D.k. in soln. contg. (0.6-8) x 10-4 mol 89AOSO 
Cr(5-Clphen)33+ + Co(cyclam)2+ L-1 Co(cyclam)3+, (0.8-2.S) x 10-5 mol 

L -1 Cr(5-Clphen)l+, Co(cyclam)2+ 
(RQ) and 1.0 mol L-1 H2SO4, 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

7.11 Tris{5-chloro-l,lO-phenanthroline)chromium{m ion - Continued 

7.11.4 Chioroiron(lll) complexes 

Cr(S-Clphenh 2+ + FeClx (3·x)+ -+ 
Cr(S-Clphenh 3+ + FeClx (2'x)+ 

7.11.5 Oxygen 

Cr(S-Clphenh 2+ + O2 -+ 
Cr(S-Clphenh3+ + 02'-

6.1 x 108 

2.S X 105 

7.11.6 Tetraammine(difluoro)platinum(IV) ion 

Cr(S-Clphen)32+ + Pt(NH3)4F22+ -+ 1.1 x 105 

Cr(S-Clphen)l+ + Pt(NH3)4F2 + 

7.11.7 Sulfur dioxide 

Cr('-Clphen){" T S02 -... 
Cr(S-Clphenh 3+ + S02'-

7.11.S Uranyl{Vl) ion 

Cr(S-Clphenh 2+ + U02
2+ -+ 

Cr(5-Clphen>J 3+ + U02 + 

0 

S.8 O.IS 

0.1 

-0 

2.7 0.1 

-23 f.p./rq 

22 f.p./rq 

20 f.p.lrq 

25 f.pJrq 

2S f.pJrq 

7.12 Tris(5-chloro-l,lO-phenanthroline)chromium(llI), EDTA radical addn. product 

7.12.1 Tris(5-chloro-l,10-phenanthroline)chromium(Ill) ion 

Cr(5-Clphenh(S-Clphen- 'EDTA')+ + 1.4 x 109 

Cr(5-Clphenh 3+ -+ 
Cr(5-Clphen);(S-Clphen- 'EDTA,)2+ + 

25 f.p./rq 

Cr(5-Clphenh 2+ 

D.k. in soln. contg. Cr(S-Clphenh3+, 1 
mol L -I HCl and FeClx (2-x)+ (RQ). 

81A060 

D.k. at 440 run in soln. contg. (1.0-1.6) 88A233 
x 10-4 mol L-1 Cr(S-Clphenh3+, 0.05 
mol L-1 oxalate (RQ) and varied [02]. 

Air-satd. soln. contg. Cr(5-Clphenh 3+ 92A471 
and EDTA (RQ). 

D.k. in soln. contg. (1 5) x 10-3 mol L-1 89AOSO 
Co(cyc1am)2+ (RQ), (1-11) x 10-3 mol 
L-1 S02. Cr(5-Clphenh3+ and 1.0 mol 
L-1 H2S04, 

D.k. at 440 nm in soln. contg. 8 x 10-5 88A065 
mol L-1 Cr(5-Clphenh3+, -8 x 10-6 
mol L-1 Cr(5-Clphenh2+, 1.5 x 10-4 
mol L -I U02 + (RQ) and 1-2 x 10-3 mol 
L-1 uol+; [H+] = 0.002 mol L-1• 

D.k. at 605 nm in soln. contg. Cr(5- 89A289 
Clphen)33+ and EDTA (RQ); transient 
suggested to be ligand addition product 
(of EDT A radical). 

7.13 Tris(5-chloro-l,lO-phenanthroline)chromiuIi1(DI), carboxyl radical addn. product 

7.13.1 Tris(5-chloro-l,IO-pbenanthroline)chromium(llI) ion 

Cr(S-Clphenh(5-Clphen-C02)2+ + 1.1 x 109 

Cr(5-Clphenh 3+ -+ 

Cr(5-Clphenh(5-Clphen-C02)3+ + 
Cr(S-Clphenh2+ 

7.14 Tris(5-bromo-l,1 O-phenanthroline )chromium(m ion 

7.14.1 Chloroiron(llI) complexes 

Cr(S-Brphenh2+ + FeClx(3-x)+-+ 
Cr(S-Brphen)33+ + FeClx (2·x)+ 

7.15 Tris(5-mcthyl-l,10-phcnllnthroline)chromium(m ion 

7.15.1 Tris(ethylenediamine)cobalt(lll) ion 

Cr(5-Mephenh2+ + Co(enh 3+ -+ 
Cr(5-Mephenh3+ + Co(enh2+ 

7.15.2 1,4,8,11-Tetraazacyclotetradecanecobalt(lll) ion 

Cr(S-Mephenh2+ + Co(cyclam)3+ -+ 1.1 x 107 

Cr(S-Mephenh3+ + Co(cyclam)2+ 

7.15.3 Chloroiron(llI) complexes 

Cr(5-Mephenh 2+ + FeClx (3·x)+ -+ 

Cr(5-Mephenh 3+ + FeClx (2·x)+ 
2.0x 109 

25 f.p./rq 

o -23 f.p.lrq 

5.8 0.15 23 f.p./rq 

-0 25 f.p.lrq 

o -23 f.p./rq 

D.k. at 605 nm in soln. contg. Cr(S- 89A289 
Clphen)l+ and c20l- (RQ); transient 
suggested to be ligand addition product 
(of'C02- radical). 

D.k. in soln. contg. Cr(S-Brphenh3+, I 81A060 
mol L-1 HCI and FeCl/2- X)+ (RQ). 

D.k. at 480 or 685 nm in Ar-satd. soln. 88A514 
contg. Cr(5-Mephenh3+, EDTA (RQ) 
or C20/- (RQ) and Co(enh~+. 

D.k. in soln. contg. (0.6-8) x 10-4 mol 89AOSO 
L-1 Co(cyclam)3+, (O.8-2.S) x 10-5 mol 
L -I Cr(5-Mephen)l+, Co(cydam)2+ 
(RQ) and 1.0 mol L -I H2S04, 

D.k. in soln. contg. Cr(5-Mephenh3+, 1 81A060 
mol L-1 HCI and FeClx(2-x)+ (RQ). 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction pH t(oq Method Comment Ref. 

7.15 Tris(5-methyl-l,lO-phenanthroline)chromium(ll) ion - Continued 

7.15.4 Oxygen 

Cr(5-Mephenh 2+ + O2 -+ 2.2 X 106 5.8 0.15 22 f.p.lrq D.k. at 480 nm in soln. contg. (1.0-1.6) 88A233 
Cr(5-Mephen)33+ + O2'- X 10-4 mol L-1 Cr(5-Mephenh3+, 0.05 

mol L-1 oxalate (RQ) and varied [02]. 

7.15.5 Sulfur dioxide 

Cr(5-Mephenh 2+ + S02 ~ 1.7 X 108 -0 25 f.p./rq D.k. in soln. contg. (1-S) x 10-3 Il}ol L-1 89AOSO 
Cr(S-Mephenh3+ + S02"- Co(cyclam)2+ (RQ), S02' Cr(5-

Mephenh3+ and 1.0 mol L -I H2SO4. 

7.16 Tris(4,7-dimethyl-l,lO-phenanthroline)chromium(m ion 

7.16.1 Tris( ethylenediamine)cobalt(III) ion 

Cr(4,7-Me2phen)l+ + Co(en)l+ -+ 1.1 x 105 5.8 O.IS 23 
Cr(4,7-Me2phen)/+ + Co(en)/+ 

f.p.lrq D.k. at 440 nm in Ar-satd. soln. contg. 88AS14 
Cr(4,7-Me2phenh3+, EDTA (RQ) or 
C20 4

2- (RQ) and Co(enh3+. 

7.16.2 Tris(2,2' -bipyridine )cobalt(Ill) ion 

Cr(4,7-Me2phenh2+ + Co(bpYh3+ .... 3.5 X 108 5.8 0.15 23 f.p.lrq D.k. at 440 nm in Ar-satd. soln. contg. 88A514 
Cr(4,7-Me2phenh3+ + Co(bpYh2+ Cr(4,7-Me2phenh3+, EDTA (RQ) or 

C20/- (RQ) and Co(bpYh3+. 

7.16.3 Tris(I,10-phenanthroline)cobalt(Ill) ion 

Cr(4,7-Me2phenh2+ + Co(phenh3+ -+ 4.1 x 108 5.8 0.15 23 f.p.lrq D.k. at 440 nm in Ar-satd. solo. contg. 88AS14 
Cr(4,7-Me2phenh3+ + Co(phenh2+ Cr(4,7-Me2phenh3+, EDTA (RQ) or 

C20/- (RQ) and Co(phen)/+. 

7.16.4 1,4,8,11-Tetraazacyclotetradecanecobalt(IIl) ion 

Cr(4,7-Me2phenh2+ + Co(cyclam)3+ -+ -7 x 108 -0 2S f.p./rq D.k. in soln. contg. (0.6-8) x 10-4 mol 89A050 
Cr(4,7-Me2phenh3+ + Co(cyclam)2+ L-1 Co(cyclam)3+, (0.8-2.5) x 10-5 mol 

L-1 Cr(4,7-Me2phenh3+, Co(cyclam)2+ 
(RQ) and 1.0 mol L-1 H2SO4. 

7.16.5 Sulfatoiron(III) ion 

Cr(4,7~Me2phenh2+ + FeS04 +-? 
Cr(4,7-MczPhcnh3+ -1 FcS04 

7.1 X 108 1.2 O.1S -2S p.r. D.k. at 420 nm in Ar~satd. solo. contg. 
Cr(4,7-Mc2phcnh3+,0.05 mol L-1 

81A060 

H2S04, 0.S2 mol L -I 2~PrOH and 
FeS04; k = 7 X 109 L moJ-1 s-l 

interpolated from quenching rate plot. 

7.16.6 Oxygt:1I 

Cr(4,7~Me2phenh2+ + O2 -+ 2.5 X 107 5.S 0.15 22 f.p.lrq D.k. at 430 run io soln. contg. 0.0-1.6) 88A233 
Cr(4,7~Me2phenh3+ + 02'- X 10-4 mol L-1 Cr(4,7-Me2phenh3+, 

0.05 mol L-1 oxalate (RQ) or 1.4 x 10-3 

mol L-1 EDTA (RQ) and varied [02]. 

7.17 Tris(S,6-dimethyl-l,1 O-pbenanthroline ) chromium (m ion 

7.17.1 1,4,8,11-Tetraaz8CycJotetradecanecobalf(III) ion 

Cr(S,6~Me2phenh2+ + Co(cyclam)3+-? 1.6 x 107 -0 25 f.p.lrq D.k. in soln. contg. (0.6-8) x 10-4 mol 89A050 
Cr(S,6-Me2phen)33+ + Co(cyclam)2+ L-1 Co(cyclam)3+, (0.8-2.S) x 10-5 mol 

L -I Cr(S,6-Me2phenh3+, Co(cyclam)2+ 
(RQ) ann 1_0 mol r-1 H2~04 

7.17.2 Chloroiron(IIl) complexes 

Cr(5,6-Mezphen)/+ + FeC]~ (3-x)+ ~ 2.7 x 109 0 -23 f.p.lrq D.k. in soln. contg. Cr(S,6- SIA060 
Cr(5,6-Me2phenh3+ + feCI" (2-x)+ Me2phenh3+, 1 mol L-1 HCI and 

t'eCix (2 -x)+ (RQ). 

7.17.3 Sulfatoiron(IlI) ion 

Cr(5,6-Mezphenh2+ + FeS04+ -? 4,8 X 108 1.2 0.15 -25 p.r. D.k. at 420 nm in Ar-satd. solo. contg. 81A060 
C'1"('i/-i-Me.,php.n h3+ + Pf'!S°4 Cr(5,6-Mezphen);33+,0.05 mol L-1 

H2S04, 0.52 mol L-1 2-PrOH and 
FeS04· 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction k (L marl S-l) pH t(°C) Method Comment Ref. 

7.17 Tris(5,6-dimethyl-1,10-phenanthroline)chromium(m ion Continued 

7.17.4 Sulfurdioxide 

Cr(5,6-Me2phenhz ... + S02 -4 2.8 X lOB -0 25 t.p.lrq U.k. in soln. contg. (l-5) x 10-3 mol L-1 l:!'::lAU:m 
Cr(5,6-Me2phenh3+ + S02'- Co(cyclam)2+ (RQ), S02, Cr(5,6-

Me2phenh3+ and 1.0 mol L-1 H2SO4, 

7.18 Tris( 5-phenyl-1,1 0-phenanthroline )chromium(m ion 

7.18.1 Chioroiron(lll) complexes 

Cr(5-Phphenh2+ + FeCl/3-x)+ -4 -1.9 X 109 0 -23 
Cr(5-Phphenh 3+ + FeClx (2-x)+ 

f.pJrq D.k. in soln. contg. Cr(S-Phphenh3+, 1 
mol L -I HCI and FeClx (2-x)+ (RQ). 

81A06O 

7.19 Tris(4,7-diphenyl-1,10-phenanthroline)chromium(m ion 

7.19.1 Chloroiron(lII) complexes 

Cr(4,7.Ph2phenh2+ + FeClx(3'x)+-+ 1.4 X 109 0 -23 f.pJrq D.k. at 420 nm in soln. contg. Cr(4,7- 81A060 
Cr(4,7.Ph2phenh3+ + FeClx (2-x)+ Ph2phen)l+, 1 mol L-1 HCl and 

FeClx (2-x)+ (RQ). 

7.20 Bis(2,2' .bipyridine( oxalato )chromate(1I) 

7.20.1 First-order reaction 

Cr(bpyh(C20 4) -4 8.9 x 103 s-I 23 p.r. D.k. in soln. contg. 10-3 mol L- I 87A309 
Cr(bpyh(C20 4)+ and 0.1 mol L-1 tert-
BuOH; reaction involves ligand loss. 

7.21 2,2' -Bipyridinebis( oxalato )chromate(m ion 

7.21.1 First-order reaction 

Cr(bpy)(C20 4h 2- -+ 7.4 x 104 S-I 23 p.r. D.k. in soln. contg. 10-3 mol L-1 87A309 
Cr(bpy) (C20 4h - and 0.1 moI L-J tert-
BuOH; reaction involves ligand loss. 

7.22 Bis(1,1 O-phenanthroline)( oxalato )chromate(m 

7.22.1 First-order reaction 

Cr(phenh(C20 4) -I- 9.8 x 103 s-1 23 p.L D.k. in soln. contg. 10-3 mol L-1 87A309 
Cr(phenh(C20 4t and 0.1 mol L -I tert-
BuOH; reaction involves ligand loss. 

7.23 Bls( oxalato )phenanthrol1nechromate(D) Ion 

7.23.1 First-order reaction 

Cr(phen)(C20 4h2- -I- 8.0 x 104 S-1 23 p.r. D.k. in soln. cbntg. 10-3 mol L-1 87A309 
Cr(phen)(CZ0 4>Z- ~nd 0.1 mol L-1 t~rt_ 

BuOH; reaction involves ligand loss. 

7.24 Tris(acetylacetonato)chromate(m ion 

7.24.1 First-order reaction 

Cr(acach -+ Cr(acach + acac- >2 x 105 S-1 <5 25 p.r. Candy. change in He-satd. soln. contg. 79A297 
(2-5) x 10-4 mol L- I Cr(acach and 0.1 
mol L-I tert-BuOH. 

7.25 Bis( acetylacetonato )chromate(m 

7.25.1 Hydrogen ion 

Cr(acach + H+ ---+ Cr(a.cac)+ + aeacH 4x 107 3.2- 25 p.r. Condy. change in I Ic-satd. soln . .contg. 79A297 
5 {2-S) x 10-4 mol L-J Cr(acach and 0.1 

mol L-I tert-BuOH. 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction k (L mor l S-I) pH t(°e) Method Comment Ref. 

7.25 Bis(acetylacetonato)chromate(m - Continued 

7.25.2 First-order reaction 

Cr(acach -+ Cr(acac)+ + acac- 3 x 103 s-I 3.2- 25 p.r. Candy. change in He-satd. soln. contg. 79A297 
5 (2-5) x 10-4 mol L-I Cr(acach and 0.1 

mol L -I tert-BuOH; kr = 1.6 X 109 L 
mol-1 s-I. 

7.26 Acetonylacetonatochromium(m ion 

7.26.1 Hydrogen ion 

Cr(acact + H+ -+ C~+ + acacH 4x 106 3.2- 25 p.r. Condy. change in He-satd. soln. contg: 79A297 
5 (2-5) x 10-4 mol L -I Cr(acach and 0.1 

mol L-I ten-BuOH. 

7.26.2 First-order reaction 

Cr(acact -+ C~+ + acac- 3 x 102 s-I 3.2- 25 p.r. Coody. change in He-satd. soln. cootg. 79A297 
5 (2-5) x 10-4 mol L-I Cr(acach and 0.1 

mol L-I ten-BuOH; kr = 2.7 X 108 L 
morl s-I. 

7.27 Hydridochromium(III) ion 

7.27.1 Hydrogen ion 

CrH2+ + H+ -+ 0.3+ + H2 1.9 X 104 J,2 p.r. O.k. in solo. contg. (2-10) x 10-4 mol 82A315 
L -1 C~+ and 0.1 mol L-I isobutyric 
acid. 

1.0 x 104 0.7- 0.2 26 f.p./pi O.k. at 330, 380 and 420 nm in soln. 81A337 
3.2 x 103 2 -+0 contg. 10-1 mol L-I Cr(CI04h and 

0.01-0.2 mol L-I H+; kH/kD = 4.8; Mit 
= 26.4 kJ morl; AS:\: = -79.9 J mol-1 

K-I; studied at 14.4-48.1 0c. 
1.8 x 104 0-2 var 22 p.r. O.k. in Ar-satd. soln. contg. (1-20) x 

10-4 mol L-1 C?+; k <1 S-I forCrH2+ + 
741142 

H2O. 

7.27a Hydroxymethylchromium(III) ion 

7.27a.1 Water 

CrCH20H2+ + H20 -+ C?+ + MeOH + 0.20 s-I 5.65 p.r. O.k. in N10-satd. soln. contg. 2 x 10-4 84A036 
ou- mol L-1 cx2+, 0.1 mol L-1 MeOn and 

0.009 mol L -1 acetate buffer; k depends 
on pH and [acetate]. 

7.28 Dihydroxymethylchromium(1ll) ion 

7.28.1 First-order reaction 

CrCH(OHh2+ -+ H20 + CrCH02+ 1.0 x 102 s-J 2.8- p.r. O.k. and p.b.k. in N20-satd. soln. contg. 85A084 
6 Cr(Il) and formaldehyde; product 

suggested to react with formaldehyde 
giving CO and MeOH, k -1 L mol-1 

S-I. 

7.28a I-Hydroxyethylchromium(Ill) ion 

7.28a.1 Water 

CrCHOHCHl+ + H20 -+ C?+ + EtOH 0.72 s-l 4.95 p.r. O.k. in N20-satd. soln. contg. 5 x J 0-4 84A036 
~ OH- mol L-J cx2+, 0.1 mol L-1 EtOH Clnd 

0.009 mol L-1 acetate buffer; k depends 
on pH and [acetate). 
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TABLE 7. Rate constants for chromium transients - Continued 

., 

No. Reaction k (L mol-I s-I) pH t(°C) Method Comment Ref. 

7.29 2-Hydroxyetbylcbromium(1D) ion 

7.29.1 Hydrogen ion 

CrCH2CH20H2+ + H+ -'> C~+ + H20 + 1.4 X 104 p.r. D.k. at 300 nm in soln. contg. C~+ and 91A477 
H2C=CH2 satd. with ethyleneIN 20. For reaction 

with H20, k = 2 S-I. 

104 X 104 2.5- 0.05 24 f.p.lpi D.k. at 390 nm in soln. contg. 5.0 x 82A030 
4 10-4 mol L -I C~+, 2.0 X 10-2 mol L-1 

N20, 8.8 X 10-4 mol L-1 ethylene and 
(1.0-30) x 10-4 mol L-J HCl04 ; studied 

at 13.2-42.6 0c.; m* = 66.1 kJ mor l ; 

.6S* = 57.7 J mol-1 K-I 

1.5 x 104 2-3 0.01 25 f.p. D.k. at 390 nm in soln. contg. -1 x 10-3 82A030 
mol L-1 C~+, -2 X 10-5 mol L-J 

HOCH2CH2Co(dmgBF2hpy and (1.0-
10) x 10-3 mol L-J HCI04• 

3.6 X 104 104- 0.5 25 f.p. D.k. at 390 nm in soln. contg. C~+, 82A030 
2.6 (NH3)sCo02CCH2CH20H2+ and (2.5-

40) x 10-3 mol L-1 HCI04• 

7.29a I-Hydroxy-l-metbyletbylchromium(1D) ion 

7.29a.1 Water 

CrC(CH3hOH2+ + H20 -'> C~+ + 1.5 s-J 5.05 p.r. D.k. at 390 nm in N)o-satd. soln. contg. 84A036 
2-PrOH +OIr 5 x 10-4 mol L -J C . +,1 mol L-1 2-

PrOH and om mol L-1 acetate buffer; k 
depends on pH and [acetate]. 

7.30 2-Hydroxy-l-metbyletbylcbromium(1D) ion 

7.30.1 Hydrogen ion 

CrCH(CH3)CH20H2+ + H+ -'> C~+ + 1.1 X 105 p.r. D.k. at 300 nm in soln. contg. C~+ and 91A477 
H20 + CH3CH=CH2 satd. with propylenelN 20. For reaction 

with H20, k = 21 s-J. 

7.31 2-Hydroxy-l,2-dimethylethylchromium(Ill) ion 

7.31.1 Hydrogen ion 

CrCH(CH3)CH(CH3)OH2+ + H+ -'> 9.8 X 104 3-7 p.r. D.k. at 300 nm in soln. contg. C~+ and 91A477 
Cr[CH(CH3)=CH(CH3)]3. + H2O satd. with 2-butenelN 20. For reaction 

of CrCH(CH3)CH(CH3)OH2+ with 
H20, k = 230 s-J. For reaction of the 
product to give 'c~+ + 2-butene. k = 0.8 
+ 6.7[H~ S-I at pH 1-5. 

7.32 2-Hydroxy-2,2-dimethylethylchromium(1D) ion 

7.32.1 Hydrogen ion 

CrCH2C(CH3)20H2+ + H+ -'> C~+ + 2.7 X 106 2-4 p.r. D.k. in N20-satd. soln. contg. 0.18-0.48 92A073 
H20 + CH2=C(CH3h mol L-1 lert-BuOH and (5-10) x 10-4 

mol L -I C~+. For reaction with H20, k 
= 1608-1• 

7.33 2-Ethoxyetbylchromium(III) ion 

7.33.1 Hydrogen ion 

CrCH2CH20C2H52+ + H+ -'> C~+ + 4.6 X 103 1.8- p.r. D.k. at 315 nm in N20-satd. so]n. contg. 85A331 
H2C::::CH2 + EtOH 3.5 (1-10) x 10-3 mol L-1 Cr(II) perchlorate 

and 0.5 mol L-1 Et20. 
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TABLE 7. Rate constants for chromium transients - Continued 

No. Reaction pH t(oq Method Comment Ref. 

7.34 l-Carboxy-l-hydroxyethylchromium(llI) ion 

7.34.1 Hydrogen ion 

CrCOH(CH3)C02H2+ + H+ ..... C~+ + 
CH3CH(OH)C02H 

2.8 X 102 

7.35 2-Carboxy-2,2-dimethylethylchromium(III) ion 

7.35.1 Hydrogen ion 

CrCH2C(CH3}zC02H2+ + H+ ..... C~+ + 
(CH3hCC0 2H 

60 

7.36 2-Ammonio-2,2-dimethylethylchromium(III) ion 

7.36.1 First-order reaction 

CrCH2C(CH3hNH33+ -+ Cr3+ + NH3 + 
CH2=C(CH3h 

0.015 S-1 

0-1 22 p.r. 

0-1 22 p.I. 

1-3 p.r. 

7.37 cis-Diammine(aqua)(1,4,8,1l-tetraazacyclotetradecane)chromium(1D) ion 

7.37.1 First-order reaction 

cis-[Cr(cyclam)(H20)(NH3)z]3-t ..... 
cis-[Cr(cyclam)(H20)(NH3)]3+ + NH3 

2.7-
5.4 

22-27 f.p. 

D.k. in Ar-satd. so]n. contg. 0.15-1 mol 741146 
L-1 1actic acid, (1-15) x 10--4 mol L-1 

C~+ and 0.1-1 mol L-1 HCI04. For 
reaction with HzO, k = 4.7 x 10z S -I. 

D.k.ln Ar·satd. soln. contg. 0.15-1 mol 741146 
L-1 trimethylacetic acid, (1-15) x 10-4 
mol L-1 C~+ and {).1-1 mol L-1 HCI04. 
For reaction with H20, k = 1.8 x 102 

S-l. 

D.k. in N20-satd. soln. contg. 0.08-0.09 92A073 
mol L -I 2-methyl-2-propanamine and 
(1-10) x 10--4 mol L-1 C~+. 

Condy. change (from NH3 + H+..... 88F171 
NH4 +) in soln. contg. (0.6-3.0) x 10-3 

mol L -I cis-[Cr(cyclam)(NH3h]3+; 
transient has pK -4.6. 

7.38 trans-Dihydroxy-l ,4,8,11-tetraazacyclotetradecanechromium(lD), OB reaction product 

7.38.1 First-order reaction 

Irans-Cr(cyclam)(OHh +/OH -+ 2.9 x 103 s-I 9.5- 22 p.r. D.k. at 320 nm in soln. contg. (1-5) x 87B063 
9.6 10 :I mol L J trans-Cr(cyclam)(OH)2 T; 

reaction is suggested to represent the 
conversion from Cr(lll) to Cr(lV); k = 
5.3 X 103, 1.1 X 104 and 1.1 x t04 s-I at 
pH 3.1, 4.3, and 10.9, respectively. 

7.39 Chromate(V) 

7.39.1 Silver(lI) ion 

Cr(V) + Ag2+ ..... Cr(Vl) + Ag+ 5.8 x t07 21 p.r. D.k. at 270 nm in Ar-satd. soln. contg. 89A422 
to-4 mol L-1 Cr2072- (mostly HCr04-), 

2 x to-5 mol L-1 Ag+ and 0.1 mol L-1 

HCI04· 

7.40 Chromate(V) ion 

7.40.1 Hydroxyl 

Cl04'l- T 'OH .....,. CrO/- T OH- 5;<., 101fl p.r. P.b.k.. at 36~ nm in deaerated SOIn. 650044 
contg. 1.6 x 10-5 mol L-1 CrOl-. 
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TABLE 8. Rate constants for copper transients 

No. Reaction k (L mol-1 s-l) pH t(°C) Method Comment Ref. 

8.1 Copper(O) chloride complex 

S.l.l Flrst-urdll:f rll:iU':UUU 

CuCll- ~ Cuo + 3 CI- 4.7 x 107 s-1 5.8 p.r. P.b.k. at 380 run in soln. contg. (1-25) x 86G256 
10-4 mol L-1 CuCl and 2 mol L-1 NaCl; 
80% CuCI3

2-, 20% CuC12-; reaction 
includes CuCl}- ~ Cuo + 2 Cl-. 

8.2 Copper atom 

8.2.1 Copper(I) chloride complex 

CuO + CuI ~ CuO_CuI 2.1 X lO9 5.8 p.r. Computer anal. of changes in absorption 86G256 
in soln. contg. 0-25) x lO-4 mol 1:1 

CuCI,2 mol L-1 NaCl and MeOH. 

8.3 Copper(1) chloride complex with copper(O) 

8.3.1 First-order reaction 

CuO_CuI ~ CU2 + 4.9 X lO7 s-1 5.8 p.£. Computer anal. of cbanges in absorption 86G256 
in soln. contg. 0-25) x 10-4 mol L-1 

CuCl.2 mol L-1 NaCl and MeOH. 

8.4 Copper(1) ion complex with copper(O) 

8.4.1 Copper{I) chloride complex 

CU2+ + Cui ~ 1.3 x 108 5.8 p.r. Computer anal. of changes in absorption 86G256 
in soln. contg. 0-25) x 10-4 mol L-1 

Cuel, 2 mol L -1 NnCl and MeOH. 

Product of this reaction decays with k = 
4.8 X 105 S-I. 

8.S Copper(l) ion 

8.5.1 Cerium(IV) sulfate complex 

Cu+ + Ce(S04h2' ~ Cu2+ + Ce3+ + 3 7.0 X 108 0.8 p.r. D.k. at 360 nm in soln. contg. 0.03 mol 93A517 
S042- L-1 Cez(S04h, 0.1 mol L -I CUS04 and 

0.1 mol L-1 H2S04, Value obtained by 
computer fit. 

8.5.2 Sulfate radical ion 

Cu+ f S04'- -4 Cu2+ I S042- 1.6 x to lO <0 p.r. D.k. at 450 nm in soln. contg. 0.03 mo] 
L -I Ce2(S04)3, 0.1 mol L -I CuS04 and 

93A517 

1.1 or 2.0 mol L -1 H2S04, Value obtained 
by computer fit. 

8.!!.3 DlhydroxycuPP'=c(In) Ion 

Cu+ + Cu(OHh + ~ 2 Cu2+ + 2 Olr 1.8 x 109 4.8 0.003 25 p.r. Estimated from decay of Cu(II1) in 720844 
1.6 x 109 6 deaerated solutions. Degree of hydrolysis 

deduced from conductivity experiments 
[700512]. 

3.6 x 109 p.r. D.k. at 300 nm in Ar-satd. soln. contg. 5 
x 10-4 mol L-1 Cu2;.; [CUT] = 1.2[Cu(III)]. 

710174 

8.5.4 lron(Ill) ion 

Cu+ + Fe3+ ~ Cu2+ + Fe2+ 1.3 X 107 2.1 p.r. D.k. at 238 nm in soln. contg. 10-3 mol 79G260 
L-1 Fe2+, 10-2 mol L-I Cu2;', (3-15) x 761074 
10-5 mol L-1 Fe3+ and HCI04; also 
determined values in H 2S04 solo. 

8.5.5 Permanganate ion 

Cu+ + Mn04 - ~ Cu2+ + MnO/- 6.4 x 109 0.004· 25 p.r. Measured by the rate of depletion of the 720844 
Mn04 - absorption. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-1 S-I) pH t(°C) Method Comment Ref. 

8.5 Copper(1) ion Continued 

8.5.5 Pennanganate ion - Continued 

8 x 109 2 20 p.r. D.k. in soln. contg. lO-smol L-1 Mn04-' 650385 
1 x 10-2 mol L-1 Cu2+ and 0.Ql mol L-1 

HCIO~. Dependence of k on [Cu2+) 
detected. 

8,5.6 Hydrogen atom 

Cu+ + H' -+ CuH+ -1010 5.6 p.r. P.b.k. at 340 nm in soln. contg. 10-3 mol 82AI04 
L-I CuS04 and 100 atm H2; obtained by 
computer simulation of p.b.k. for initial 
[H'] = [Cu+] in the range (5-40) x 10-6 
molL-I. 

8.5.7 Hydrogen peroxide 

Cu+ + H20 2 -+ Cu+02H- + H+ 4.7 x 103 2.3 phot. Sector method. 737514 

8.5.8 Perhydroxyl 

Cu+ + H02' + H20 -+ H202 + cu:l+ + 2.3 X 109 2.3 photo Sector method; assume ktH02' + cu2
.) 73/:514 

OH- 3.4 x 107 L mol-1 s-I and k(H20 2 + Cu+) 
=: 4.7 X 103 L mol-l S-I. 

8.5.9 Superoxide radical anion 

Cu+ + O2'- + 2 H20 --+ Cu2+ + H20 2 
_1010 -3- p.r. D.k. at 245 nm in Oz-satd. soln. contg. 730112 

+20H- 6.5 Cu2+ and formate. Estimated from 
dependence of the rate of decay of 
HOz '/02'- on pH, [Cu2+] and dose per 
pulse. 

8.5.10 Oxygen 

Cu+ + O2 -+ Cu2+ + 02'- 4.6x 105 2.1 y-r. Estimated from ca1culations involving 79G260 
competing reactions and change in Fe3+ 761074 
concn. in mixt. of °2, Cu2+, Fe3+, 3 X 10-3 

mol L-1 Fe2+ and H2S04 ; k = 1.0 X 106 L 
mor l 8-1 in HCI04. 

8.5.11 Tris(2,l'-bipYl'idin~ )ruth~niurn(IIl) ion 

Cu+ + Ru(bPYh3+ --+ Cu2+ + 9.7 x 108 0.3 25 f.p.loq P.b.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(bpY)l~ - L-1 Ru(bPYh2+, 0.01-0.06 mol L- l Cu2+ 

(OQ) and 0.5 mol L-1 sulfuric acid; k =: 

4.3;..; lOR aud :3 ;..; 10R L JlIul-1 ::;_1 in 0.5 

and 2.4 mol L-J HCI04• respectively. 

3.4 x 108 1.0 21 f.p.loq P.b.k. in deoxygenated soln. contg. 
Ru(bPY)32+ and Cu2+ (OQ). 

78F683 

1 x 108 0 1.9 24 f.p.loq D.k. at 480 nm in soln. contg. Ru(bpy)l+, 771093 
Cu2+ (OQ) and 1 mol L-1 HC104. 

8.5.12 Tris( 4,4'-dimethyJ-2,2'.bipyridine)ruthenium(llI) ion 

Cu+ + Ru(4,4'-Me2bpy)/+ --+ Cu2+ + 8.7 X 107 0.3 25 f.p.loq P.b.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru( 4,4'-Me2bpy h 2+ L-1 Ru(4,4'-Me2bpy)l", 0.01-0.06 mol 

L-1 Cu2+ (OQ) and 0.5 mol L-1 sulfuric 
acid. 

8.5.13 Trls(l,lO-pbenanthroUne)ruthenlum(IlI) Ion 

Cu+ + Ru(phenh3+ --+ Cu2+ + 
Ru(phenh2+ 

1.2 x 109 0.3 25 f.p.loq P.b.k. at 450 nm in soln. contg. 10-5 mol 
L-1 Ru(phen)}+, O.oI-O.06 mol L-1 Cu2+ 

78A090 

(OQ) and 0.5 mol L- J sulfuric acid. 

8.5.14 Tris(5-bromo-l,10.phenantbroline)ruthenium(lII) ion 

Cu+ + Ru(5-Brphen)/+ -> Cu2+ + 2.3 X 109 0.3 25 f.p.loq P.b.k. at 450 nm in soln. contg. J 0-5 mol 78A090 
Ru(5-Brphenh2+ L-1 Ru(5-Brphenh2+, 0.01-0.06 mol L- J 

Cu2+ (OQ) and 0.5 mol L -I sulfuric acid. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-I s-I) pH t(°C) Method Comment Ref. 

X.5 Copper(1) ion - Continued 

8.5.1S Tris(S-chloro-l,IO-phenantbroline)ruthenium(IU) ion 

Cu+ + Ru(5-Clphen)33+ -I> Cu2+ + 2.7 X 109 0.3 25 f.pJoq P.h.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(5-Clphenh 2+ L-1 Ru(5-Clphenh2+, 0.01-0.06 mol L-1 

Cu2+ (OQ) and 0.5 mol L -I sulfuric acid. 

8.5.16 TriB(5-mcthyl-l,10-phenonthroline)rutbeniwn(III) ion 

CU+ + Ru(5~Mephenh3+ -I> CU2+ + l.Ox 109 0.3 25 f.pJoq P.h.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(5-Mephenh 2+ L-1 Ru(5-Mephenh2+, 0.01-0.06 mol L-1 

Cu2+ (OQ) and 0.5 mol L -I sulfuric acid. 

8.5.17 Tris( 4,7 -dimetbyl-l,IO-pbenanthroline)rutbenium(Ill) ion 

Cu+ + Ru(4,7-Me2phenh3+ ~ Cu2+ + 1.4 X lOB 0.3 25 f.p./oq P.h.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(4,7-Me2phen)/+ L-1 Ru(4.7-Me2phen)/+, 0.01-0.06 mol 

L-1 Cu2+ (OQ) and 0.5 mol L-1 sulfuric 
acid. 

8.5.18 Tris(S,6-dimetbyl-l,10-phenanthroline)ruthenium(llI) ion 

Cu+ + Ru(S,6-Me2phenh3+ -I> Cu2+ + SA X lOB 0.3 25 f.p.loq P.h.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(5,6-Me2phenh2+ L-1 Ru(5,6-Me2phenh2+, 0.01-0.06 mol 

L-1 Cu2+-(OQ) and 0.5 mol L-1 sulfuric 

acid. 

8.S.19 Tris(3,4,7 ,8-tetramethyl-I,1 O-pbenantbroline)rutbenium(lII) ion 

Cu+ + Ru(3,4,7,8-Me4phenh3+-I> 6.0x 107 0.3 25 f.pJoq P.h.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Cu2+ + Ru(3,4,7.8-Me4phen)/+ L-1 Ru(3,4,7,8-Me4phenh2+, 0.01-0.06 

mol L-1 Cu2+ (OQ) and 0.5 mol L-1 

sulfuric acid. 

8.5.20 Tris(S-phenyl-l,lO-phenanthroline)ruthenium(IU) ion 

Cu+ + Ru(5-Phphenh3+ -I> Cu2+ + 1.1 X 109 0.3 25 f.p./oq P.b.k. at 450 nm in soln. contg. 10-5 mol 78A090 
Ru(S-Phphenh 2+ L-1 Ru(S-Phphenh2+, 0.01-0.06 mol L-1 

Cu2+ (OQ) and 0.5 mol L-1 sulfuric acid. 

8~.21 Acrylamide 

Cu+ + H2C=CHCONH2 -I> 2x 109 2.5 p.r. Measured from the effect of [acrylamide] 78A322 
Cu(acryJamide)+ on the yield and rate of fonnation of 

Cu(acrylamide)+; kr= 1.1 x 105 5-1. 

8~.22 Fumaric acid 

Cu+ + trans-H02CCH=CHC02H ~ 1.7 x 109 3.7 22 p.r. P.h.k. in N20-satd. soln. contg. 0.01 mol 751092 
Cu(fumaric acid)+ L-1 CuS04 , 1.0 mol L-1 MeOH and (1-

I (0) x 10-5 mol L -I fumaric acid; kr= 2.4 
x 105 5-1. 

8.5.23 Hydroxymethyl 

Cu+ + 'CH20H ~ CuCH2OH+ -6 X 109 3-5 p.r. Estd. from dependence of yield of 80A278 
intermediate and its rate of decomposition 
on Cu+ yield; He-satd. soln. contg. Cu2+ 

and MeOH; K = -5 X 103 L mol-I. 

_10 10 4.5 p.r. Estimated from rate of growth and decay 78A322 
ofCuCH20H+; kr -I0

6 S-I. 

8.5.24 2-Hydroxyethy] 

cu+ T 'CH2CH20H --,. H2C=CH2 T 1.9", 1010 4.5 T"l. E:.l.hual.cU flUm yielu:; uf Cu(l) ill 'Y- 78A322 
OH- +Cu2+ radiolysis of Cu2+ + C2H4 solutions. 

8.5.25 Maleic acid 

Cu+ + cis-H02CCH=CHC02H ~ 2.0x 109 3.7 22 p.r. P.b.k. in N20-satd. soln. contg. 0.01 mol 751092 
Cu(maleic acidt L-1 CuS04, 1.0 mol L -I MeOH and (l-

100) x 10-5 mol L-1 maleic acid; kr= 1.8 X 

'05 s-l. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 



1126 BUXTON, MULAZZANI, AND ROSS 

TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-1 s-') pH 1(°C) Method Comment Ref. 

8.5 Copper(1) ion Continued 

8.5.26 Tetranitrometh::.ne 

Cu+ + C(NOZ)4 -10 CuZ+ + 'NOz + 4.7 x 108 4.9 25 p.r. P.b.k. at 350 nm in soln. contg. 0.Q1 mol 761134 
C(NOzh- L-J Cu2+ and (3-12) x 10-5 mol L-1 

tetranitromethane. 

4.2 x 108 p.r. P.b.k. in 02-free soln. contg. 5 x 10-3 mol 640133 
L -I Cu2+ and 6.0 x 10-5 mol L-J 

tetranitromethane. 

8.6 Copper(1) chloride 

8.6.1 Tris(2,2'-hipyridine)rutheniurn(lII) ion 

CuCI + Ru(bPYh3+ -!o CuCl+ + 
Ru(bpy)}+ 

3.5 X 109 1.0 21 f.pJoq P.b.k. in deoxygenated soln. contg. 
Ru(bpyh2+, 0.1 mol L-1 HCI04, 0.5 mol 
L-1 NaCl and Cu(II) (OQ); 75% CuCl+. 

78F683 

8.7 Tetraformatocuprate(1) ion 

8.7.1 Tris(2,2' -bipyridine)rutheniurn(III) ion 

Cu(HCOZ)43- + R~(bpYh3+ -10 2.1 X 109 1.0 21 f.pJoq P.b.k. in deoxygenated soln. contg. 78F683 
Cu(HCOz)l- + Ru(bpyh2+ Ru(bpy)/+, 0.1 mol L-J HCI04, 0.5 mol 

L-1 fonnate and Cu(lI) (OQ); 80% 
Cu(HC02)4Z,. 

8.8 Tetraacetatocuprate(1) ion 

~.8.1 Trh:(2,2'-hipyridine)rnthenium(ln) ion 

Cu(OAc)l- + Ru(bpyh3+ -!o 2.3 X 109 1.0 21 f.p.loq P.b.k. in deoxygenated soln. -contg. 78F683 
Cu(OAc)l- + Ru(bpy)l" Ru(bPYh2+, 0.1 mol L-1 HC104, 0.5 mol 

L-1 acetate ion and Cu(II)(OQ); 90% 
CU(OAC)42-. 

8.9 Ethylenediaminetetraacetatocuprate(1) ion 

8.9.1 1-HYdroxybutyl 

CuEDTA3- + CH3(CH2hCHOH ~ 5 x 109 7.5 p.r. P.b.k. at 44{) nm in soln. contg. CuEDTA2• 80A153 
CH3(CH2hCHOHCuEDTA3- and n-BuOH. Value obtained from 

computer fit. 

8.10 Bis( alaninato )cuprate(1) 

8.10.1 Bis(alaninato )bydroxycopper(II) 

Cu(Ala)z - + HOCu(Ala)z ~ 2 1.2 X 109 7.5 p.r. D.k. at 300 nm in NzO-satd. soln. contg. 2 89G0l7 
Cu(Alah T OH- A 10-4 111ul L-1 Cu(Alah. It;::; 9 A lOR L 

mo)-I s-I in Ar-satd. so)n. 

8.11 Bleomycin-copper(1) complex 

8.11.1 Hydrogen peroxide 

BLM-Cu(l) + H20z -!o BLM-Cu(III) 3.2 x 103 7 p.r. P.b.k. at 435 nm in N20-satd. soln. contg. 87A184 
+OH- 2 x lO-z mol L-1 fonnate, 10-3 mol L-1 

H,O, and 5 x 10-5 mol L -I BLM-Cu(IJ); 
kobs = 1.3 X 103 L mol-1 s-I; chain 
reaction with chain length -2.5. 

8.12 3,6,10,13,16,19-Hexaazabicyclo[ 6.6.6]eicosanecopper(1) ion 

8.12.1 Hydrogen ion 

Cu(sart + H+ ~ Cu(sarHi+ 2 x 1010 3-5 25 p.r. Condy. change in He-satd. soln. contg. 91A387 
0.01 mol L-1 EtOH, HCI04 and Cu(sar)z+; 
subsequent protonation was observed 
withk=2x 107 Lmor i s-l. 
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TABLE 8. Rate constailts for copper transients - Continued 

Reaction pH t(oq Method Comment 

'i. 13 1,4,8,11-Tetraazacyclotetradecanecopper(l) ion 

S.13.1 Water 

Cu(cyclam)+ + H20 -+ 

Cu(cyclam)(H)2+ + O:W 
5.1 p.r. 

s. t 4 5,7,7,12,14,14-HexamethyI-1 ,4,8,11-tetraazacyclotetradecanecopper(I) ion 

X.14.1 Water 

Cu(aneN4)+ + H20 -+ 

Cu(aneN4)(H)2+ + OH-

X.14.2 2-Propanol 

Cu(aneN4t + 2-PrOH -> 5.0 X 105 

6.0 p.r. 

acid f.p./pi 

O.k. in Ar-satd. soln. contg. 0.1 mol L-1 

formate and (2-30) x 10-5 mol L-1 

Cu( cyclam)2+ . 

O.k. in Ar-satd. soln. contg. 0.1 mol L-1 

MeOH and (2-30) x 10-5 mol L-1 

Cu(aneN4)2+. 

D.k. in deaerated soln. contg. 
Cu(aneN4)2+ and 10-5_10-2 mol L-1 2-

PrOH. 

S.15 5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraaz3cyclotetradeca-4,11-dienecopper(I) ion 

X.tS.1 Water 

Cu( 4, 11-dieneN4t + H20 -+ 1.5 X 105 S-I 6.0 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 

Cu( 4, Il-dieneN4)(H)2+ + OH- MeOH and (2-30) x 10-5 mol L-1 

Cu(4,11-dieneN4)2+ . 

X.tS.2 Tris(2,2' -bipyridine )cobalt(llI) ion 

('11(4, l1-rlipnp.N4 )+ ... Co(bPY):l3+ -+ 1 'x 107 70 0.016- p.r. D.k. in Ar-satd. soln. contS. (2.5.5.0) x 

0.028 10-3 mol L-1 Cu(4,II-dieneN4)2+, (2.5-
10) x 10-4 mol L-1 Co(bpy)l+ and 1 mol 
L -1 tert-BuOH. 

HoIS.] Tris(2,2' -bipyridine )chromiUD1(III) ion 

Cu(4,1 ]-dieneN4t + Cr(bpYh3+ -+ 3.7 x 106 4 0.01 p.r D.k. andlor p.b.k. in N2-satd. soln. contg. 
Cu(4,11-dieneN4)2+ + Cr(bpYh2+ Cu(4,11-dieneN4)2+ and alcohol. 

3.7 x 106 7.0 0.016- p.r. O.k. in Ar-satd. soln. contg. (2.5-5.0) x 
0.028 10-3 mol L-1 Cu(4,ll-dieneN4)2+, (2.5-

10) x 10-4 mol L-1 Cr(hpYh3+ and 1 mol 
L-1 tert-BuOH. 

~LlS.4 Hydrogen ion 

Cu(4,11·dieneN4t + H+-+ S.Ox 106 <1.3 0.06- p.r. D.k. in Ar-satd. soln. contg. 3 x 10-3 mol 
'0.3 L-1 Cu(4,11-dieneN4)2+ and 1 mol L-1 

tert-BuOH. Reaction suggested to 
invnlvl" proton transfer to the metal centre 

to give a hydrido complex. 

8.15.5 Nitrous oxide 

Cu(4,11-dieneN4t + N20 -> 1.7 X 106 7.0 p.r. D.k. in Ar-satd. soln. contg. 3 x 10-3 mol 
L-1 Cu(4,11-dieneN4)2+. (7.5-25) x 10-4 

mol L-J N20 and 1 mol L-1 tert·BuOH. 

8.15.6 Oxygen 

Cu(4.11-rlieneN4)+ ... O 2 '6 x 107 7.0 p.r. D.k. in Ar.satd. soln. cootS. 3 x 10-3 mol 
Cu(4,11-dieneN4)02 + L-1 Cu(4,1 ]-dieneN4)2+, 0.5-25) x 10-4 

mol L-1 O2 and 1 mol L-1 tert-BuOH. 

S.lS.7 Hexaammineruthenium(IU) ion 

Cu(4,11-dieneN4r'" + Ru(NH3)6h
-+ 7.1 X 104 4 0.01 p.r D.k. andlor p.b.k. in Nrsatd. soin. contg. 

Cu(4,11-dieneN4)2+ + Ru(NH3)62+ Cu(4,1 I-dieneN4)2+ and alcohol. 

7.2 x 104 7.0 0.016- p.r. O.k. in Ar-satd. soln. contg. (2.5-5.0) x 
0.028 10-3 mol L-1 Cu(4,11.dieneN4)2+, (2.5-

10) x 10-1 mol L-1 Ru(NH3)63+ and 1 mol 
L-1 tert-BuOH. 

1127 

Ref. 

82A320 

82A320 

81A239 

80A189 

761039 

88A334 

761039 

761039 

761039 

761039 

88A334 

76J039 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH teC) Method Comment Ref. 

8.15 5,7,7 ,12,14,14-Hexamethyl-l,4,S,U-tetraazacyclotetradeca-4,11-dienecoppere!) ion Continued 

8.15.8 9.10·Anthraquinone-2,6-disulfonate ion 

Cu(4,11-dieneN4)+ + 2,6-diS03AQ2- 4.3 X 109 7.0 0.004 p.r. O.k. in Ar-satd. soln. contg. 3 x 10-3 mol 761039 
L-1 Cu(4,11-dieneN4)2+, (2.5-5) x 10-4 
mol L-1 quinone and 1 mol L-1 tert-
BuOH. 

8.15.9 9,10-Anthraquinone-2-sulfonate ion 

Cu(4,11-dieneN4t + 2-S03AQ- -+ 1.1 x 109 7.0 0.004 p.r. D.k. in Ar-satd. soln. contg. 3 x 10-3 mol 761039 
L-1 Cu(4,11-dieneN4)2+, (2.5-5) x 10-4 
mol L-1 quinone and I mol L-1 tert-
BuOH. 

8.15.10 l,4.Benzoquinone 

Cu(4,I l-dieneN4t + Q--4 2.6 X 109 7.0 0.004 p.r. D.k. in Ar-satd. soln. contg. 3 x 10-3 mol 761039 
L-1 Cu(4,I I-dieneN4)2+, (2.5-5) x 10-4 
mol L-1 benzoquinone and 1 mol L-1 

tert-BuOH. 

8.15.11 IodomethlOlne 

Cu(4,11-dieneN4t + CH31-+ 3.1 X 106 9.2 0.01 p.r. D.k. in Ar-satd. soln. contg. 3 x 10-3 mol 761039 
·L-1 Cu{4,1l-dieneN4)2+, (2.5-5) x 10-4 
mol L -I CH31 and 1 mol L-1 tert-BuOH. 

8.16 2,3,9,10-Tetramethyl-l ,4,S,11-tetraazacycIotetradeca-l,3,S,1 O.tetraenecopper(1) ion 

8.16.1 Tris(2,2' ·bipyridine)cobalt(III) ion 

Cu(Me4tetraeneN4t + Co(bpy)l+ 
Cu(Me4tetraeneN4i+ + Co(bpYh2+ 

5.6 X 106 4 0.Ql p.r D.k. and/or p.b.k. in Nz-satd. soln. contg. 
Cu(Me4tetraeneN 4)2+ and alcohol. 

88A334 

8.16.2 Tris( ethylenediamine )cobaU(lII) ion 

Cu{Me4tetraeneN4)+ + Co(enh3+-+ 3.3 6 0.01 p.r D.k. and/or p.b.k. in N2-satd. soln. contg. 88A334 
Cu(Me4tetraeneN4)2+ + Co(en)/+ Cu(Me4tetraeneN 4i+ and alcohol. 

8.16.3 Hexaamminerutbenium(III) ion 

Cu(Me4tetraeneN4/ + Ru(NH3)63+ 1.2 X 105 4 0.01 p.r D.k. and/or p.h.k. in N2-satd. soln. contg. 88A334 
-+ CU(Me~tetraeneN4)z+ + Cu(Me.!.tetraeneN4 )z+ and alcohol. 
Ru(NH3)6 + 

8.17 ex-2,I2-Dimethyl-3,7 ,11,17 -tetraazabicyclo[1l.3.1]beptadeca.1 (17),2,11,13,15-pentaenecopper(I) ion 
8.17.1 Tris,(2,2' -bipyridine)cobIlIt(III) ion 

CU(Me2Pyo[14]trieneN4)+ + 2.5 x 107 4 0.01 p.r D.k. and/or p.b.k. in Nrsatd. soln. contg. 8%A334 
Co(bpy)l+ --4 CU(Me2Pyo[14]trieneN4)2+ and al-cohol. 
CU(Me2Pyo[14]trieneN4)2+ + 
Co (bpYh2+ 

8.17.2 Hexaamminerutheniurn(III) ion 

Cu(Me2Pyo[14]trieneN4t + 1.5 x 106 4 0.01 p.r D.k. and/or p.b.k. in NTsatd. soln. contg. 88A334 
Ru(NH3)63+ --4 CU(Me2Pyo[14]trieneN4)2+ and alcohol. 
Cu(Me2Pyo[14]trieneN4l+ + 
Ru(NH3)62+ 

8.17.3 Tris(2,2'.bipyridine)rhodium(II) ion 

Cu(Mezpyo[H]trieneN4 ),i- -\ 1.3 x 107 4 0.7 p.T D.k. and/or p.b.k. in N 2-sotd. soln. contg. 88A334 
Rh(bpy):<2+ -+ CU(Me2Pyo[14]trieneN4)2+ and alcohol. 
CU(Me2Pyo[14]trieneN4f+ + 
Rh(bpyh+ 

S.18 Bis(2,2' -bipyridine )copper(1) ion 

8.18.1 Hydrogen peroxide 

Cu(bpy)z + + H20 2 Cu(bpy)}+ + 1.5 x 103 7 p.r. D.k. in soln. contg. 3 x 10-5 mol L-1 85A059 
'OH +OH- Cu(bpy)}+, 0.05 mol L-1 formate and (1-

4) x 10-4 mol L-1 H20 2. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L morl S-I) pH t(°C) Method Comment Ref. 

8.18 Bis(2,2'-bipyridine)copper(1) ion - Continued 

8.18.2 Oxygen 

Cu(bpYh + + 02 -l- Cu(bpy)/+ + O2'- 5.8 X 104 7 p.r. D.k. in Orsatd. soln. contg. 0.02 mol L-l 

formate, 1.96 x 10-6 mol L-l SOD and 
85A059 

(1-4) x 10-5 mol L-l Cu(bpy}z2+. 

8.18.3 Superoxide radical anion 

Cu(bpyh + + O2'- + 2 H+ ~ H20 2 + 1.8 x 108 7 p.r. D.k. in air-satd. soln. contg. 0.02 mol L-1 85A059 
Cu(bpy)z2+ formate and (1-7) x 10-7 mol L-1 

Cu(bpYh2+. 

8.19 Bis(l,lO-phenanthroline)copper(1) ion 

8.19.1 Hydrogen peroxide 

Cu(phenh + + H20 2 -l- Cu(phenh2+ + 9.4 x 102 p.r. D.k. in soln. contg. 3 x 10-5 mol L-1 83A299 
'OH+OIr Cu(phen)/+, 0.05 mol L-1 formate and 

(5-45) x 10-4 mol L-1 B20 Z; [85G297] 
shows 'OB is not formed directly but 
through decomposition of a metal-peroxo 
complex, and k Is about 1100 L mol-1 S-I. 

8.19.2 Oxygen 

Cu(phenh + + 0z ~ Cu(phen}zz+ + 5.0 x 104 7 p.r. D.k. in Oz-satd. Soln. contg. 0.02 mol L-l 83A299 
°2'- formate. and 1.2 x 10-6 mol L-1 SOD and 

-(1-8) x 10-5 mol L-l Cu(phen}z2+. 

8.19.3 Superoxide radical anion 

Cu(phenh + + 02'- + 2 B+ -l- H20 2 + 3.0 X 108 7 p.r. D.k. at 435 nm in soln. contg. 0.05 mol 83A299 
Cu(phenh2+ L-I formate and 10-3 mol L-l phosphate; 

1,1O-phenanthroline/Cu2+ concn. = 2.0-
2.5. 

8.20 Bis(5-chloro-1,1 O-phenanthroline )copper(1) ion 

8.20.1 Oxygen 

Cu(5-Clphen)2 + + O2 --i- 5.0 x 103 7 p.r. O.k. in Oz-satd. soln. contg. 0.02 mol L-l 85A059 
Cu(5-Clphenh2+ + 02'- formate, 1.96 x 10-6 mol L-I SOD and 

(0.1-1) x 10-4 mol L-l Cu{5-Clphen}z2+. 

8.20.2 Superoxide radical anion 

Cu(5-Clphen}z + + 02'- + 2 H+ -l- 2.1 X 108 7 p.r. D.k. in air-satd. soln. contg. 0.02 mol L-l 85A059 
H20 2 + Cu(5-Clphen)22+ formate and (1-7) x 10-7 mol L-I Cu(5-

Clphen}z2+. 

8.21 Bis( 5-nitro-l,1 O-phenanthroline )copper(1) ion 

8.21.1 Hydrogen peroxide 

Cu(5-N02phenh + + HZ02 --i- 4.4 x 102 7 p.r. D.k. in soln. contg. 3 x 10-5 mol L-1 85A059 
Cu(5-N02phen)l+ + 'OB + OIr Cu(5-NOzphen)z2+, 0.05 mol L-1 formate 

and 0-5) x 10-4 mol I.-I H20z 

8.21.2 Oxygen 

Cu(5-N02phenh + + 0z -l- 5.8 X 102 7 p.r. O.k. in Oz-satd. soln. contg. 0.02 mol L-l 85A059 
Cu(5-N02phen}zz+ + Oz'- formate and 1.96 x 10-6 mol L-l SOD and 

(1-4) x 10 5 mol L J CU(5-NUzphen>z2,. 

8.21.3 Superoxide radical anion 

Cu(5-N02phen}z + + Oz'- + 2 H+ ~ 8.3 X 108 7 p.r. D.k. in air-satd. soln. contg. 0.02 mol L-1 85A059 
HZ02 + Cu(5-N02phen}z2+ formate and 0-6) x 10-7 mol L- l Cu(5-

N02phen}z2+. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH WC) Method Comment 

8.22 Bis( 5· methyl.I,1 O·phenanthroline )copper(1) ion 

8.22.1 Hydrogen peroxide 

Cu(5-Mephenh + + H20 2 -+ 1.6 X 103 7 p.r. D.k. in soln. contg. 3 x 10-5 mol L-1 

Cu(5-Mephenh2+ + 'OH + Ofr Cu(5-Mephenh2+,0.05 mol L-1 formate 
and (1-4) x 10-3 mol L-1 H20 2• 

8.22.2 Oxygen 

Cu(5-Mephenh + + O2 -+ 6.6 x 104 7 p.r. D.k. in Orsatd. soln. -contg. 0.02 mol L-1 

Cu(5-Mephenh2+ + 02'- formate, 1.96 x 10-6 mol L-1 SOD and 
(1-4) x 10-5 mol L-1 Cu(5-Mephen)22+. 

8.22.3 Superoxide radical anion 

Cu(5-Mephenh + + 02'- + 2 H+ -+ 2.3 X 108 7 p.r. D.k. in air-satd. soln. contg. 0.02 mol L-1 

H20 2 + Cu(5-Mephenh2+ fonnate and 0-4) x 10-7 mol L -I Cu(5-
Mephenh2+. 

8.23 Bis(2,9.dimethyl·l,10·phenanthroline)copper(1) ion 

8.23.1 Supuoxide "adical anion 

Cu(2.9-Me2phenh + + 02'- + 2 H+ -+ 2.4 X 108 7 p.r. D.k. in air-satd. soln. contg. 0.02 mol L-1 

H20 2 + Cu(2,9-Me2phenh2+ fonnate and (1-6) x 10-7 mol L-1 Cu(2,9-
Me2phenh2+. 

8.24 5,1 0,15,20· Tetrakis(l-methylpyridiniom-4.yl)porphinatocopper(m, radical anion 

8.24.1 5,10,15,20· Tetrakis(l-methylpyridinium-4.yl)porphinatocopper(II), radical anion 

[CuTMpyp],3+ -l- [CuTMpyp],3+ -+ 9.1 x 108 6.8 p.r. 

8.24.2 Hydrogen ion 

[CuTMpypr3+ + H+ -+ 

[CuTMpyPHr'''+ 
0.9-
1.5 

21 p.r. 

8.25 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatocoprate(m, radical anion 

8.25.1 Hydrogen ion 

3.5-
4.1 

21 p.r. 

8.26 Tetrakis-4-(N ,N,N-trimethylammonio)phenylporphinecopper(m, radical anion 

8.26.1 Hydrogen ion 

[CuTAPP),3+ + H+ -+ [CuTAPPH],4+ 8 X 106 2.4- 21 p.r. 
3.0 

8.27 Hydridocopper(m ion 

8.27.1 Water 

CuH+ + H20 -+ Cu2+ + H2 + OW 4 X 103 S-I 3-6 p.r. 
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D.k. in N20-satd. soln. contg. 
CuTMpyp4+ and 2-PrOH; 
disproportionation reaction; LlG = 27 kJ 
morl. 

P.h.k. at 640 nm in deoxygenated soln. 
contg. 2-PrOH, 0.001 mol L-1 

CuTMpyp4+ and varied [H+]. 

P.h.k. at 650 nm in deoxygenated soln. 
contg. 2-PrOH. 4.5 x 10-5 mol VI 
CuTPPS4- and (0.8·3.4) x 10---4 mol L-I 

H+. 

P.h.k. at 640 nm in deoxygenated soln. 
contg. 2-PcOH, CuTAPp4+ and varied 
[H+]. 

D.k. at 340 nm in soln. contg. (2-10) x 
10-4 mol L-1 CuS04 satd. with 100 atm 
Hz· 

Ref. 

85A059 

85A059 

85A059 

85A059 

83C026 

92A390 

92A390 

92A390 

82AI04 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-I s-l) pH t(°C) Method Comment Ref. 

8.28 Methylcopper(m ion 

8.28.1 Hydrogen ion 

CuCH3 + + H+ -+ Cu2+ + CH4 2 X 103 p.r. D.k. in N20-satd. soln. contg. 9 x 10-4 86A115 
mol L-1 CuS04, 0.09 mol L-1 DMSO and 
2 x 10-4 mol L-1 C~+. Authors reported k 
= 200 s-I at pH 1. 

8.28.2 Methylcopper(ll) ion 

CuCH3 + + CuCH3 + -l- 2 Cu+ + C2H6 9x 106 ~.5 p.r. D.k. in N20-satd. soln. contg. 9 x 10-4 86A115 
mol L-1 CuS04. 0.09 mol L -I DMSO and 
2 x 10-4 mol L-1 C~+. 

8.29 Carboxylatocopper(m 
~.29.1 Copper(I) ion 

CuC02 + Cu+ -+ CU2 + + CO2 -108 7.3 p.r. D.k. at 480 nm in Ar-satd. soln. contg. 1 x 91A367 
10-4 mol L-l Cu(CI04h and 0.01 mol L-1 

fonnate. 

8.29.2 Copper (II) ion 

CuC02 + Cu2+ -l- 2 Cu + + CO2 5 X 108 7.3 p.r. D.k. at 480 nm in N20-satd. soln. contg. 91A367 
(1-3) x 10-4 mol L-1 Cu{CI04h and 5 x 
10-3 mol L-1 formate. 

8.29.3 Oxalatocuprate(ll) ions 

CuC02 + CU(C20 4)n (2-n)+ -+ 2x 109 0.1 f.p. D.k. in soln. contg. 2 x 10-4 mol L-1 80A239 
Cu(II), 10-2 mol L-1 oxalate, varied [02] 
and pH; value refers to basic fonn of 
CuC02• For an acidic fonn of CoC02, k = 
I x 107 Lmor l s,...l. 

8.29.4 Oxygen 

CuC02 +02 -+ 3 x 107 0.1 f.p. D.k. in soln. contg. 2 x 10-4 mol L-1 80A239 
Cu(II), 10-2 mol L-1 oxalate, varied 102] 
and pH; value refers to basic fonn of 
CuC02. For an acidic fonn of CoC02, k = 
4 X 105 L mol-I S-I. 

8.30 2-Ammonio-l-carboxyethylcopper(m ion 

8.30.1 First-order readion 

CuCH(CH2NH3)C02 + -+ Cu2+ + NH3 2.7 X 104 s-I ~3 p.r. D.k. at 380 nm in N20-satd. soln. contg. 92A134 
+ CH2=CHC02- 1.1 X 104 s-1 >3.5 0.1 mol L-1 ~-alan~ne, (3.5-11) x 10-5 

mol L-1 Cu+ and (O-l) x 10-3 mol L-1 

Cu2+. 

8.31 2-Ammonioethylcopper(m ion 

8.31.1 First-order reaction 

CuCH2CH2NH3
2+ -l- CuCH=CH2

2+ + 2.4 S-I 2.3- p.r. D.k. at 370 nm in N20-satd. soln. contg. 93A473 
NH3 3.5 0.05-0.1 mol L-1 ethylamine, (2.5-8.0) x 

10-4 mol L-1 CUS04 and (0.5-1.0) x 10-4 
mol L-1 Cu+. Complex fonned by 
reaction ofCu+with 'CH2CH2NH3",k= 
1.1 x 109 L mol-I S-I. 

8.32 2-Hydroxy-2,2-dimethylethylcopper(m ion 

8.32.1 First-order readion 

CuCH2C(CH3hOH+ -l- 2.2 X 105 s-I 2.7 p.r. D.k. in N20-satd. soln. contg. (5-20) x 88A41O 
CH2=C(CH3h + Cu2+ + Olr 10-4 mol L-1 CuS04' (5-30) X 10-5 mol 

L-1 Cu+, (5-30) x 10-5 mol L-1 Cr(Ill), 

and 0.1-1 mol L-1 tert-BuOH. k = 5.0 X 

104 + 8.6 x 107[H30+] S-I . 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

8.33 2-Ammonio-2,2-dimethylethylcopper(m ion 

8.33.1 First-order reaction 

CuCH2C(CH3h NHl+ ~ Cu2+ + 
CH2=C(CH3h + NH3 

8.34 1,3-Diammonio-2-propylcopper(m ion 

8.34.1 First-order reaction 

1.5-
3 

3.0-
3.8 

p.r. 

p.r. 

8.35 2-(Dimethylammonio )-l-(dimethylammoniomcthyl)cthylcoppcrCm ion 

8.35.1 First-order reaction 

8.36 2-(Dimethylammonio)ethylcopper(m ion 

8.36.1 First-order reaction 

CUCH2CH2NEt2H2+ ~ 
CuCH=CHl+ + (C2HshNH 

8.37 2-Carboxy-2,2-dimethylethylcopper(m ion 

8.37.1 First-order reaction 

CuCH2C(CH3hC02W ~ Cu+ + 
'CH2C(CH3hC02H 

8.37.2 Copper(II) ion 

CuCH2C(CH3hC02H+ + Cuz+ + H+ 
~ 2 Cu2+ + (CH3hCC02H 

1 X 107 

8.38 2-Ammonio-2-carboxypropylcopper(m ion 

8.38.1 First-order reaction 

CuCH2C(CH3)(NH3)C02 + ~ Cuz+ + 
NH3 + CH2=C(CH3)C02-

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 

2.2-
3.8 

2.2-
3.8 

3.0 

3.0 

p.r. 

p.r. 

p.r. 

p.T. 

p.r. 

D.k. at 375 nm in NzO-satd. soln. contg. 92A073 
(0.39-1.1) x 10-4 mol L-1 Cu+, (0-5) X 

10-4 mol L-1 CUS04 and 0.02-0.2 mol L-I 

2-methyl-2-propanamine. 

D.k. in N20-satd. soln. contg. 0.05-0.1 93A473 
mol L-1 1,3-propanediamine, (0-2.5) x 
10-4 mol L-1 CUS04 and (0.62-1.2) x 10-4 
mol L-1 Cu+. Complex fonned by 

reaction of.Cu+ with 'CH(CH2NH3 +h, k = 
4.2 x 108 L mo)-1 s-l. 

D.k. in N20-satd. soln. contg. 0.05-0.1 93A473 
mol L-1 N,N,N,N-tetramethyl-l,3-
propanediamine,O-O.OOl mol L -1 CuS04 
and (0.05-0.13 ) x 10-3 mol L-1 Cu+. 
Complex formed by reaction of Cu+ with 
'CH(CH2NMezH+h, k = 4.2 X 108 L 
mor l s-l. 

D.k. at 370 nm in N20-satd. soln. contg. 93A473 
0.05-0.1 mol L-1 triethylamine, (0-8) x 
10-4 mol L-l CuS04 and (0.59-1.10) x 
10-4 mol L - J Cu +. Complex formed by 
reaction of Cu+ with ·CH2CH2NEt2H+. k 
= 7.5 X 108 L mor l S-I. 

Calculated from the intercept of plot of 90A474 
rate of formation of coinplex on (Cu+] in 
N20-satd. soln. contg. 0.001 mol L-1 

Cu2+, 0.05 mol L-1 (CH3hCC02H and 
(5-30) x 1O-s mol L-l Cu+; kr= 2.4 X 109 

Lmor1 s-l. 

D.k. in N20-satd. soln. contg. varied 90A474 
[Cu2+], 0.05 mol L-1 (CH3hCC02H and 1 
x 10-4 mol L- l Cu+. 

D.k. at 300 and 350 nm in N20-satd. soln. 92A215 
contg. 0.05 mol L-1 2-methylalanine,.(5-
15) x 10-5 mol L-J Cu+ and (3-100) x 
10-3 mol L- l Cu2+. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

8.39 Copper(II) ion, complex with cyclobexene 

8.39.1 2-Hydroxycyclohexyl 

Cu(cyclohexenet + 
-CHCHOH(CH2k -). c-C6H lO + 
CuCHCH(OH)(CH2)4-+ 

2.6 x 109 

8.40 4-Hydroxypbenoxycopper(II) ion, conjugate base 

SAO.l 4-Hydroxypbenoxycopper(Il) ion, conjugate base 

CuOC6H4-4-0 + CuOC6H4-4-0 -). 3.8 x 107 

1-
5.5 

7.0 

8.41 (1· Hydroxybutyl)etbylenediaminetetraacetatocuprate(II) ion 

8.41.1 Nitrite ion 

CH3(CH2)ZCHOHCuEOTA "1- -+ NOz-
-). 

7.5 

8.42 Bis(1,lO·phenanthroline)(2.bydroxyethyl)copper(II) ion 
8.42.1 First-order reaction 

HOCH2CH2Cu(phenh + -). 
Cu(phenh2+ + H2C=CH2 + OH-

4-10 

8.43 Bis(l,l O· phenanthroline) (2.hydroxy· 2,2·dimethylethyl)copper(II) ion 

8.43.1 First-order reaction 

HOC(CH3hCH2Cu(phen)z + -). 
Cu(phen)/+ + CH2=C(CH3h + OH-

8.43a Aminomethyl(glycinato )copper(II) 

8.43a.l Oxygen 

4-10 

6.3 
7.7 

p.r. 

f.p. 

p.r. 

p.r. 

p.r. 

f.p. 

P.b.k. in N20-satd. soln. contg. (5-20) x 9IA152 
10-4 mol L-1 CUS04, (5-40) X 10-5 mol 
L-1 Cu+, (5-40) x 10-5 mol L-1 Cr(III), 

0.02-0.15 mol L- J cydohexene and 0.15-
0.65 mol L -I acetonitrile. 

D.k. at 425 nm in soln. contg. Cu+ and 1 78A449 
x 10-4 mol L-1 hydroquinone. 

O.k. at 440 om in :0;010. cootg. Cu130TA2- 80A153 

and I-butanol. 

D.k. at 430 nm in ethylene-satd. soln. 
contg. Cu(phenh2+. 

D.k. in He.:satd. soln. contg. 0.1 mol L-1 

tert-BuOH and Cu(phen)z2+. 

Estd. from dependence of d.k. in soln. 
contg. 2 x 10-4 mol L-1 Cu(IJ) and 10-3 

mol L' I glycine on [02], 

88A392 

88A392 

84A293 

8.44 a-2,12.Dimethyl-3,7,1l,17,tetraazabicyclo[11.3.1]heptadeca·1 (17),2,1 1,13,15-pentaenecopper(II) ion OH-adduct 

8.44.1 First-order reaction : 

CU(Me2Pyo[l4]trieneN4)(OH/+ -). 

8.45 Copper(1ll) 

8AS.I Iron(Il) ion 

Cu(IIJ) + Fe2+ -). Cuz+ + Fe3+ 

8.45.2 Hydrogen peroxide 

Cu(III) + H20 2 -). 

3.3 x 108 

3,5, 0.1 
4.5 

2.1 

p.r. 

p.r. 

y-r. 

D.k. in N20-satd. soln. contg. Cu(Mer 86A210 
3,4,5-pyo[14]trieneN4)'~+ and NaCI04; the 
product is a Cu(I) species formed by 
intramolecular reduction which decays 
with k = 1.6 x 103 S-I. 

P.h.k. at 23& om in soln. contg. (5-30) x 79G260 
10-4 mol L-1 Fe2+, 10-2 mol L-1 Cu2+, 5 x 761074 
10-5 mol L -I Fe3+ and H2S04; k = 1.3 x 
108 L mol-I S-1 in HCI04. 

Estimated from computer simulation 88G0l6 
based on G for HCHO and Cu+ in N20-
satd. soln. contg. Cu2+, CH30H and H20 2. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-1 8-1) pH teC) Method Comment Ref. 

8.45 Copper(IlI) - Continued 

8.45.3 Methanol 

Cu(III) + MeOH -+- 'CH20H + Cu2+ ~x105 "(-r. Estimated from computer simulation 88G016 
+H+ based on G for HCHO and Cu+ in N2O-

satd. soln. contg. Cu2+, CH30H and H20 2. 

8.46 Dihydroxycopper(llI) ion 

8.46.1 First-order reaction 

Cu(OH}z + --+ CuOR+ + 'OH 4.2 x 104 s-1 3.5 p.r. Estimated from decay of Cu(III) in the 710174 
2.8 x 104 s-1 3.65 presence of Br-, CH30H, H20 2 etc. 

Values of kr taken to be same as k(Cu2+ + 
'OH); K = 1.3 X 10-4 and 9.0 x 10-5 L 
mol-1 at pH 3.5 and 3.65, respectively. 

8.46.2 Nitrilotriacetatocuprate(lI) ion 

Cu(OHh + + CuNTA- --+ Cu2+ + 1.2 x 108 3.9 p.r. N20-satd. soln. contg. 0.001 mol L-1 78A436 
CuNTA CuS04 and (2-8) x 10-5 mol L-J NTA. 

8.47 Trihydroxycopper(III) 

8.47.1 Trihydroxycopper(III) 

Cu(OH)3 + Cu(OHh --+ <2.5 x 107 6 0.004 25 p.r. 720844 

2.3 x 107 6 p.r. D.k. at 300 nm in N20-satd. soln. contg. 5 710174 
x 10-4 mol L-1 Cu2+. 

8.47.2 Nitritocopper(II) ion 

Cu(OHh + CuN02 + -+- -3 X 109 5.2 p.r. D.k. at 300 nm in N20-satd. soln. contg. 710174 
N02-· 

8.47.3 Glycinatocopper(II) ion 

Cu(OH)3 + Cu(Glyt --+ 8.1 x 107 5.5 p.r. D.k. in NzO-satd. soln. contg. 0.001 mol 710775 
L-1 CuS04 and 0-100) x 10-6 mol L-1 

glycine. 

8.47.4 2-Methyl-l,4-naphthoquinone 

Cu(OH)3 + 2-CH3NQ --+ 2.0 X]09 9.0,10.6 p.r. 40% ot" Cu(III) claimed to react by 731047 

electron transfer. Cu(llI) fonned by 'OH 
+ Cu(CI04h; 20.3% and 39% electron 
transfer at pH 8.0 and 10.6, respectively, 
in CuS04 soln. 

8.48 Amminecopper(1ll) complex 

8.48.1 Amminecopper(III) complex 

CulI1(NH3)n + CuID(NH3)n -). 1.5 x 107 11.1 p.r. D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L-1 CuS04 and [NH3] = 

710775 

1.9[CuS04]· 

8.49 Ethylenediaminecopper(1ll) complex 

8.49.1 First-order reaction 

CuIll(en)n -). <3 s-I 5.8 p.r. D.k. in N.,O-satd. soln. contg. (5-50) x 710775 
I:lU s I 11.6 10 S mol i-I CUS04 and [en] = 

1.9[CuS04]· 

8A9.2 Ethylenediaminecopper(III) complex 

Cl1lU(en\ 4- CnITI(en)u .... ., R x: 105 "iR p.r D.k. in N20.~atd. ~oln. contg. ('i-50) X 710775 
2.0 x 107 11.6 10-5 mol L-1 CuS04 and [en] 

1.9[CuS04]· 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

8.50 5,7,7,12,14,14-Hexamethyl·l ,4,8,1l-tetraazacyclotetradecanecopper(llI) ion 

8.50.1 Firat-order reaction 

Cu(aneN4)3+ -Jo 1.0 25 f.p. D.k. at 360 nm in soln. contg. 0.01-1 mol 83A271 
L-1 CI- and (1-2) x 10-5 mol L-1 

Cu(aneN4)2+ • 

8.51 Chloro-5,7, 7 ,12,14,14-hexamethyl.1,4,S,11-tetraazacyclotetradeca-4,11-dienecopper(llI) ion 

8.51.1 Chloride ion 

Cu(4,II-dieneN4)CI2+ + CI- -Jo 

Cu(4,11-dieneN4)2+ + CI2'-

22 f.p. D.k. in N20-satd. soln. contg. (1-5) x 10-4 79A080 
mol L-1 Cu(4,11-dieneN4)2+, 0.1 mol L-1 

Cl-.0.OOI-0.01 mol L-1 H20 2 and 0.1 
mol L-1 H+; k.r= 1.5 X 108 Lmol-1 S-I. 

8.52 5,7,7,12,14,14.Hexamethyl-1,4,S,11-tetraazacyclotetradeca-4,II-dienecopper(llI) ion 

8.52.1 First-order reaction 

Cu(4,11-dieneN4)3+ -Jo 

8.52.2 Chloride ion 

Cu(4,11-dieneN4)3+ + cr -Jo 

8.52.3 Hydrogen peroxide· 

Cu(4,11-dieneN4)3+ + H20 2 -Jo 

Cu(4,11-dieneN4)2+ + H+ + H02' 

0.36 s-1 

0.63 

7.0x 102. 

1.0 25 f.p. 

1.0 25 f.p. 

22 f.p. 

D.k. at 340 or 400 nm in soln.contg. 
0.01-1 mol L-1 cr and (0.4-1.0) x 10-4 
mol L -1 Cu(4,11-dieneN4)2+. 

D.k. at 340 or 400 nm in soln. contg. 
O.ot-1 mol L-I cr and (0.4-1.0) x 10-4 
mol L-1 Cu(4,1l-dieneN4)2+. 

D.k. in soln. contg. Cu(4,11-dieneN4)2'1-
and (1-10) x 10-3 mol L-1 H20 2• 

83A271 

83A271 

79A080 

8.52.4 Azide ion 

Cu(4,11-dieneN4)3+ + N 3- ~ 
Cu(4,11-dieneN4)2+ + 'N3 

22 f.p. D.k. in Goln. contS. Cu(4.11 dieneN4 )2+, 79AOSO 

8.53 1,4,S,11· Tetraazacyclotetradecane(hydrido )copper(ITI) ion 

8.53.1 Hydrogen ion 

Cu(cyclam)(H)2+ + H+ -Jo Cu+ + 
cyclamH2

2 
.. 

6.0 p.r. 

(8-40) x 10-4 mol L -1 azide ion, 0.1 mol 
L-1 CI-,O.1 mol 1:1 H+ and 
CO(NH3)5CI2+. 

D.k. in Ar-satd. soln. contg.{).l mol L-I 

MeOH and.(2-30) x 10-:1 mol L-1 

Cu( cyc1am)2+ . 

8.54 5,7,7 ,12,14,14-Hexamethyl-1,4,8,11-tetraazacyclotetradecane(hydrido )copper(II1) ion 
8.54.1 Hydrogen ion 

Cu(aneN4)(H)2+ + H+ -Jo Cu+ + 
aneN4H2

2+ 
<5.5 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol VI 

fonnate and (2-30) x 10-5 mol L-I 

Cu(aneN4)2+. 

S.55 5,7,7,12,14,14· Hexamethyl-1 ,4,S,11.tetraazacyclotetradeca-4,11-diene(hydrido )copper(II1) ion 

8.55.1 Hydrogen ion 

Cu(4;11-dieneN4)(H)2+ + H+ -Jo Cu+ 
+ 4, I1-dieneN 4H2 2+ 

4.0-
5.5 

p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 

MeOH and (2·30) x 10-5 mol L-1 

Cu(4.11-dieneN4)2+. 

82A320 

82A320 

80A189 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction pH t(°C) Method Comment 

8.56 2,2,4,11,11,13-Hexamethyl-l ,5,1 O,14-tetraazacyclooctadeca-4,13-diene(hydrido )copper(1D) ion 

8.56.1 Hydrogen ion 

8.57 

Cu(4,13-dieneN4)(H)2+ + H+ ~ Cu+ 
+ 4, 13-dieneN 4H2 2+ 

Bis(glycine )copper(1D) complex 

8.57.1 First-order reaction 

CuIIi(GIYh ~ 

8.58 Bis(alanine)copper(1D) complex 

8.58.1 First-order reaction 

CuIll(Alah -jo 

8.59 Bis(~-alanine )copper(1D) complex 

8.59.1 First-order reaction 

Cum(p-Ala)2 -'> 

6.0 x i03 5-1 

2.2 x 104 S-I 

8.0 x 103 S-I 

7.0 x 103 s-I 

8.60 Bis( ex.-aminobutyric acid)copper(1D) complex 

8.60.1 First-order reaction 

CuIII( a-aminobutyric acidh ~ 5.0 x 103 s-I 

8.61 Bis(~-aminobutyric acid)copper(DI) complex 

8.61.1 First-order reaction 

CuIII(~-arninobutyric acidh -jo 4.5 x 103 s·1 

8.62 Bj~('y-aDljllobutyrj(; acid)(;opper(1D) (;omplex 

8.62.1 First-order reaction 

CullI(y-aminobutyric acidh ~ 1.2 x 103 S-I 

8.63 Bis( ex.-aminoisobutyric acid)copper(TII) complex 

8.63.1 Firat-order reaction 

CuIII(a-arninoisobutyric acidh ~ 1.5 x 103 S-I 
2.5 x 103 s-1 

8.64 Hydroperoxocopper(lTI) ion 

8.64.1 First-order reaction 

Cu02H2+ -jo Cu(I) + O2 + H+ 2.2 X 103 s-I 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

6.1 p.r. 

6.1 p.r. 
7.5 

6.3 p.r. 

5.8 p.r. 

6.1 p.r. 

6.0 p.r. 

4.8 p.r. 

6.2 p.r. 
7.3 

p.r. 

D.k. in Ar-satd. soln. contg. 0.1 mol L-1 

formate and '(2-30) x 10-5 mol L-I 

Cu(4,13-dieneN4)2+; k was estimated 
from rate constants measured at pH 6.1 
and 7.0. 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L -I CuS04 and [glycine] = 
1 .9[CuS04 J. 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L-I CUS04 and {alanine] = 
1.9[CuS04]. 

D.k. in N20-satd. soln. contg. {5-50) x 
10-5 mol L-I CuS04 and [~-alanine] = 
1. 9 [CuS04]. 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L-I CUS04 and [a-aminobutyric 
acid] = 1.9[CuS04]. 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L -I CuS04 and [f3-aminobutyric 
acid] = 1.9[CuS04]' 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L-1 CuSO-j and [y-aminobutyric 
acid] = 1.9[CUS04]. 

D.k. in N20-satd. soln. contg. (5-50) x 
10-5 mol L-I CuS04 and [a-
arninoisobutyric acid] = 1.9[CUS04]. 

D.k. in 0Tsatd. soln. contg. 1 x 10-4 mol 
L- I Cu2+, 0.05 mol L-I formate and 0.01 
mol L-I arginine. Reactant includes 
[Cu(HC02 -)(H02)t. 

Ref. 

82A320 

710775 

710775 

710775 

710775 

710775 

710775 

710775 

87A160 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-I s-l) pH teC) Method Comment Ref. 

8.65 Methylcopper(1D) ion 

8.65.1 First-order reaction 

CUCH3
2+ -l- 7 X 102 S-1 6 p.r. O.k. in N20-satd. soln. contg. CuS04 and 78F301 

OMSO. 

8.66 Trichloromethylcopper(llI) ion 

8.66.1 Water 

CuCCI3
Z+ + H20 -+ Cu+ + HOCCI3 + 0.9 s-1 6 p.r. O.k. in Ar-satd. soln. contg. (2-10) x 10-5 SOA277 

H+ mol L -1 CuS04 and (1-10) x 10-2 mol L -1 
CHCI3; CuCHClz + also present. Authors 
did not distinguish between the two 
species. 

fi.67 2.Hydroxyethylcopper(1D) ion 

8.67.1 First-order reaction 

CuCH2CH20H2+ + -l- Cu+ + H+ + 3.3 X 102 s-l 6 p.r. O.k. in NzO-ethylene (1:1) satd. soln. 80A277 
-OCH2CH2- contg. (1-5) x ]0-4 mol L-J CuS04' 

8.68 Carboxymethylcopper(1D) ion 

8.68.1 Water 

CuCH2C02 + + H20 -l- Cu+ + H+ + 2.8 s-I 6 p.r. O.k. in NzO-satd. soln. contg. CUS04 and 80A277 
HOCH2C02- acetate; an initial process with k = 1 X 102 

S-I was also reported. 

8.69 1-Carhoxyethylcopper(1D) ion 

8.69.1 Water 

CuCH(CH3)COZ + + H20 -+ Cu+ + H+ 0.2 S-1 6 p.r. O.k. in NzO-satd. soln. contg. (5-10) x SOA277 
+ CH3CHOHC02- 10-5 mol L-1 CuS04 and 0.01 mol L-1 

propionate; an initial process with k = S.6 
X 103 S-1 was also reported. 

8.70 2· Hydroxy-2,2-dimethylethylcopper(1D) ion 

8.70.1 Water 

CuCH2C(CH3hOHz+ + H20 -+ Cu+ 4.5 X 102 5-1 6 p.r. O.k. in NzO-satd. soln. contg. (1-5) x 10-5 80A277 
+ H+ + HOCH2C(CH3hOH mol L-1 CuS04 and 0.1 mol L -1 tert-

BuOH. 

8.71 1,2-Dicarhoxy-2-hydroxyetbylcopper(1D) ion 
H.71.1 First-order reaction 

CuCH(C02)C(OH)C02 -l- 1 s·1 6 p.r. O.k. in N20-satd. soln. contg. (5-10) x 80A277 
10-5 mol L-1 CuS04 and (2.5-10) x 10-4 
mol L-1 fumarate; an initial process with 
k = 2 X 102 S-1 was also reported. 

8.72 2-Carboxy-2,2-dimethylethylcopper(1D) ion 

R.72.l Fi'NOt.nrder rf>9('tion 

CuCH2C(CH3hC02H2+ -+ Cu+ + 0.03 s-I 3.0- p.r. O.k. at 400 nm in N20-satd. soln. contg. 90A474 
CO2 + CHz=C(CH3)2 + H+ 4.0 0.05 mol L-1 trimethylacetic acid, (5-30) 

x 10-4 mol L-1 Cu2+ and «5-30) x 10-5 

mol L-1 Cu+. 

8.73 2-Ammonio-2-carboxypropylcopper{Ill) ion 

8.73.1 First-order reaction 

CUCH2C(CH3)(NH3)C022+ -+ Cu+ + 0.15 s-I 3 p.r. O.k. in N20-satd. soln. contg. 0.05 mol 92A215 
COz + CH2=C(CH3)NH3 + L -I 2-methylalanine and (0.5-2.0) x 10-3 

mol L-1 Cu2+. 
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TABLE 8. Rate constants for copper transients - Continued 

No. Reaction k (L mol-l s-I) pH t(°C) Method Comment Ref. 

8.74 Benzylcopper(III) ion 

8.74.1 First-order reaction 

CuCHZC6Hs z+ -)0 Cu2+ + C6HsCH2 l.2 X 106 s-I f.p. O.k. in deaerated soln. contg. (0.4-1.2) x 93A346 
10-3 mol L-1 CO(NH3)S(C6H2CH2COZ)2+ 
and Cu(CI04h; kr = 2.8 x 10 L mor l s-l. 
In soln. contg. 10% acetonitrile and 
dibenzyl ketone, k = l.3 X 106 S-1 and kr = 
2.5 X 107 L morl s-l at 20°C; Ea = 7.0 kJ 
mol-I, log A = 7.58, studied at I-60°C 
[92AI48]. 

1.1 x 106 5-J 2.8 27 f.p. O.k. at 375 nm in soln. contg. -0.002 mol 84A367 
L-1 Co(NH3)(C6HsCH2C02)2+ and 
0.001-0.004 mol L-1 CUS04: kr = 2.1 X 
107 Lmol-1 s-l. 

8.74.2 Water 

CuCHZC6Hl+ + H20 --+ Cu+ + 4.3 X 104 5-1 f.p. D.k. in soln. contg. 93A346 
C6HsCHzUH + H+ CO{NH3)S(C6HsC.HzCuzi'"i and 

Cu(CI04h; in soln. contg. dibenzyl 
ketone, Cu(CI04h and 10% acetonitrile k 
= 3.5 x 105 s-I at 20°C; Ea = 6.9 kJ 
mol-I, log A = 6.61, studied at I-60°C 
[92AI48]. 

-1.2 x 104 s-1 2.8 27 f.p. D.k. in soln. contg. -0.002 mol L-1 84A367 
[Co(NH3)sOCOCHzC6Hs]2+ and 0.001-
0.004 mul L-1 CuS04' 

8.75 (4·Chlorophenyl)methylcopper(llI) ion 

8.75.1 First-order reaction 

CUCHZC61;I4-4-CIZ+ -+ Cuz+ + 1.5 X 106 s-1 f.p. D.k. in soln. contg. Co(NH3)s(4- 93A346 
4-CIC6H4CHz CIC6H4CHzCO,l)2. and-Cu(CI04h; kr = 

1.6 X 106 L mol-I s-I. 

8.75.2 Water 

CuCH2C6H4-4-CI2+ + H20 -+ Cu+ + 3.3 X 104 5-1 f.p. O.k. in soln. contg. Co(NH3)S(4- 93A346 
4-CIC6H4CHzOH + H+ CIC6H4CH2COZ)2. and Cu(CI04h. 

8.76 2-Hydroxyphenoxycopper(ffi) ion 

8.76.1 2.Hydroxyphenoxycopper(lII) ion 

CuOC6H4-2-0H2+ + 1.6 X 106 2.0 ~O f.p. D.k. at 380 nm in so}n. contg. (1.5-20) x 78A449 
CuOCoH.,-2-0H2+ -+ 10-2 mol L-1 Cu2+ and 1 x 10-4 mol L-1 757592 

catechol. 

8.77 3-Hydroxyphenoxycopper(llI) ion 

8.77.1 First·order reaction 

CuOC6H4-3-0H2+ -+ 3.0x 103 s-J 2-6 f.p. D.k. at 420 nm in soln. contg. (2-300) x 
10-4 mol L-1 Cu2+ and 2 x 10-3 mol L-1 

79A272 

resorcinol. 

8.77.2 3-Hydroxyphenoxycopper(lD) ion 

CuOC6H4-3-0H2+ + 5.0x 109 2-6 0.04 f.p. D.k. at 420 nm in soln. contg. > 10-2 mol 79A272 
CuOC6H4-3-0H2-+ -+ L-1 Cu2+ and 2 x 10-3 mol L-1 resorcinol. 

8.78 4.Hydroxyphenoxycopper(Ill) ion, conjugate base 

8.78.1 4-Hydroxyphenoxycopper(lII) ion, conjugate base 

CuOC6H4-4-0+ + CuOC6H4-4-0+ ~ 1.6 X 106 7.0 ~O f.p. O.k. at 425 nm in soln. contg. Cu2+ and 1 78A449 
x 10-4 mol L-1 hydroquinone. 
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TABLE 8. Rate constants for copper transients - Continued 

.'--================================= 
No. Reaction 

H.79 3-Hydroxy-5-methylphenoxycopper(Ill) ion 

8.79.1 First-order reaction 

CuOC6H3-5-CH3-3-0H2+ --. 

8.79.2 3-Hydroxy-5-metbylpbenoxycopper(lD) ion 

CuOC6H3-5~CH3-3-0H2+ + 5.0 X 109 

CuOC6H3-5-CH3-3-0H2+ --. 

S.80 (4-Methoxyphenyl)methylcopper(Ill) ion 

8.80.1 First-order reaction 

CuCH2C6H4-4-0CH32+ --. Cu2+ + 
4-CH30C6Hi:H2 

8.80.2 Wntcr 

CUCH2C6H4-4-0CH32+ + H20 -+ 

Cu+ + 4-CH30C6H4CH20H + H+ 

~.81 (4-Methylphenyl)metbylcopper(1D) Ion 

8.81.1 First-order reaction 

CuCH2C6H4-4-CHl+ --. Cu2+ + 
4"CH3C6Hi:H2 

8.81.2 Water 

CuCH2C6H4-4-CHl+ + H20 -+ Cu+ 
+ 4-CH3C6H4CH20H + H+ 

H .82 Bis(glycinato )methylcopper(Ill) ion 

8.82.1 Metbyl 

(Gly)zCuCH3 + 'CH3 -+ Cu(Glyh + 
C2H6 

8.83 ~-Alaninato(2-aminoethyl)copper(DI) 

8.83.1 Water 

(~-Ala)CuCH2CH2NH2 + H20 --. 
Cu(~-Ala) + H2NCH2CH20H + H+ 

8.83.2 Hydroxide ion 

(~-Ala)CuCH2CH2NH2 + OH' -? 

Cu(~-Ala) + 112NCII2CII2011 

pH 

2-6 

2-6 0.04 

8.84 cis-Aqua(hydroxymethyl) (nitrilotriacetato )cuprate(DI) ion 

8.84.1 Hexaamminecobalt(lD) ion 

cis-[HOCH2Cu(NTA)(H2°)r + 
Co(NH3)63+ -+ 

8.84.2 Hexaamminerutbenium(lU) ion 

cis-[HOCH2Cu(NTA)(H20)r + 
Ru(NH3)63+ -+ 

3.8 X lOs 5-8 

5-8 

t(°C) Method Comment Ref. 

f.p. 

f.p. 

f.p. 

f.p. 

f.p. 

f.p. 

,,(Or. 

f.p. 

f.p. 

p.r. 

p.r. 

D.k. at 420 run in soln. cootg. (2-300) x 79A272 
10-4 mol L-I Cu2+ and 2 x 10-3 mol L-1 

5-methylresorciool. 

D.k. at 420 run in solo. cootg. > 10-2 mol 79A272 
L-I Cu2+ and 2 x 10-3 mol L-I 5-

methylresorciool. 

D.k. in solo. contg. Co(NH3)s(4- 93A346 
CH30C6H4CH2C02)2. and Cu(CI04h;kr 
= 8.0 x 106 L mol-I s-I. 

D.k. in solo. cootg. Co(NH3}s(4-
CH30~H4CH2C02)Z. and Cu(CI04)2' 

93A346 

D.k. io solo. contg. Co(NH3)s( 4- 93A346 
CH3C6H4CH2C02)2. and Cu(CI04h; kr = 
5.7 X 106 L mor l s-I. 

D.k. in soln. contg. Co(NH3)s(4· 
CH3C6H4CH2C02)2. and Cu(CI04h. 

Estd. from yield of ethane in low·dose 
experiments. 

D.k. in soln. contg. Cu(~-Alah; the 
transient is from reaction of the Cu(Il) 
complex with aminoalkyJ radical. 

D.k. in soln. cootg. Cu(~-Alah. 

93A346 

90A421 

81F406 

81F406 

D.k; in N20-satd. soln. contg. CUS04. 86B151 
nitrilotriacetate ion and MeOH; 'CHzOH 
in the complex may be ionized to 'CH20-
in this pH region. 

D.k. in N20-satd. soln. contg. CUS04. 86B151 
oitrilotriacetate ion and MeOH; 'CH20H 
in the complex may be ionized to 'CH20-
in this pH region. 
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TAIlI.l: b. RUle constants for copper transients - Continued 

No. Reaction pH t(oq Method Comment 

8.84 cis-Aqua(hydroxymethyl)(nitrilotriacetato )cuprate(III) ion -Continued 

8.84.3 Ferricyanide ion 

Ref. 

cis-[HOCH2Cu(NTA)(H2°Jr + 
Fe(CN)63- ....". 

5-8 p.r. D.k. in N20-satd. soln. contg. CuS04. 86B151 

8.84.4 cis-Diaqua(nitrilotriacetato)copper(Il) ion 

cis-[HOCH2Cu(NTA)(H20)r + 4.0 x 105 

cis-[Cu(NTA)(H20hr + H20 ~ 
cis-[Cu(NTA)(H20hr + 
cis-[Cu(NTA)(H20hJ2- + HCHO + 
H+ 

5-8 

8.85 cis-Aqua(l-hydroxyethyl)(nitrilotriacetato)cuprate(III) ion 

8.85.1 cis-Diaqua(nitrilotriacetato )copper(Il) ion 

cis-[HOCH(CH3)Cu(NTA)(H20W + 1.3 X 106 5-8 
cis-rCu(NTA)(H,O), r + H20 -J> 

cis-[Cu(NTA)(H20)2r + 
cis-[Cu(NTA)(H20hf- + CH3CHO 
+H"" 

8.86 cis-Aqua(l-hydroxy-l-methylethyl)(nitrilotriacetato )cuprate(llI) ion 

8.86.1 cis-Diaqua(nitrilotriacetato )copper(IJ) ion 

cis-[HOC(CH3hCu(NTA)(H20)r + 1.5 x 106 

cis-[Cu(NTA)(H20hr + H20 -lo 

cis-[Cu{NTA)(H20hr + 
cis-[Cu(NTA)(H20hJ2- + 
CH3COCH3 + H+ 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 

5-8 

p.r. 

p.r. 

p.r. 

nitrilotriacetate ion and MeOH; 'CH20H 
in the complex may be ionized to 'CH20-
in this pH region. 

D.k. at 425 nm in N20-satd. soln. contg. 86B151 
(1-100) x 10-5 mol L-1 CuS04' 0.001 mol 
L-1 nitrilotriacetate ion and 0.1 mol L-1 

MeOH; 'CH20H in the complex may be 
ionized to 'CH20- in this pH region. 

D.k. in N20-satd. soln. contg. CuS04, 
nitrilotriacetate ion and EtOH. 

D.k. in N20-satd. soln. contg. CuS04, 
nitrilotriacetate ion and 2-PrOH. 

86B151 

86B151 
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RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 

TABLE 9. Rate constants for iron transients 

No. Reaction 

9.1 Bis(2,2'·bipyridine)dicyanoferrate(m, electron adduct 

9.1.1 Dicyanobis(2,2'·bipyridine)iron(Ill) ion 

Fe(bpyh(CNn - +Fe(bpyh(CNn + 3.1 x 1010 
~ 2 Fe(bpyh(CNn 

I t(°C) Method Comment 

f.p./pi or O.k. in soln. contg. Fe(bpyh(CNh. 
p.r. 

9.2 Dicyanobis(4,4'·dimethyl·2,2'.bipyridine)ferrate(m, electron adduct 

9.2.1 Dicyanobis(4,4' ·dimethyl-2,2' -bipyridine)iron(Ill) ion 

1141 

Ref. 

90A499 

Fe(4,4'-Me2bpyh(CNh - + 3.0 X 1010 
Fe(4,4'-Me2bpyh(CNh+ ~ 

f.p./pi or O.k. in soln. contg. Fe(4,4'-Me2bpy}Z(CNh. 90A499 
p.r. 

2 Fe(4,4'-Me2bpyh{CN)2 

9.3 2,2'·Bipyridinetetracyanoferrate(m ion, electron adduct 

9.3.1 Tetracyano(2,2'-bipyridine)ferrate(Ill) ion 

Fe(bpy)(CN)43- + Fe(bpy)(CN)4 - 1.8 X 1010 
~ 2 Fe(bpy)(CN)42-

9.3.2 1,1'-Dimetbyl-4,4'-bipyridinium 

Fe(bpy)(CN)l- + My2+ ~ 9.0 X 109 

Fe(bpy)(CN)i- + MY'+ 

f.p./pi 

f.p./pi 

O.k. at 370 run in soln. contg. 
Fe(bpy)(CN)42-. 

O.k. in soln. contg. Fe(bpy)(CN)/- and 
MV2+. Value obtained from computer fit. 

9.4 Tetracyano(4,4'.dimethyl.2,2'·bipyridine)ferrate(m ion, electron adduct 

9.4.1 Tetracyano( 4,4' -dimethyl-2,2' -bipyridine)ferrate(Ill) ion 

Fe(4,4'-Me2bpy)(CN)l- + 1.2 x 1010 f.p./pi or O.k. in soln. contg. Fe(4,4'-
Fe(4,4'-Me2bpy)(CN)4 - ~ 
2 Fe(4,4'-Me2bpy)(CN)i-

p.r. Me2bpy)(CN)42-. 

9.4.2 1,1'-Dimethyl-4,4' -bipyridinium 

Fe(4,4'-Me2bpy)(CN)43- + MV2+ 9.4 X 109 f.p./pi or O.k. in soln. contg. Fe(4,4'-
~ Fe(4,4'-Me2bpy)(CN)/- + p.r. Me2bpy)(CN)i-. 
MY'+ 

9.5 Iron(m oxalate 

9.5.1 Iron(Ill) oxalate 

Fe(C20 4) + Fe(C20 4t ~ Fe2+ + 2.5 X 106 -0.8 1.0 22 f.p./pi O.k. in soln. contg. added Fe3+, 5 X 10-4 mol 
-02CC02- + Fe(~04)+ L-I oxalate and 0.14 mol L-I W; Log A = 

12.9, Ea = 37 kJ mol-I; studied at 18.5-
46.8°C. 

9.5.2 Iron(lll) ion 

Fe(~04) + Fe3+ ~ Fe2+ + 1.0 X 105 -0.8 1.0 22 f.p . O.k. in soln. contg. (1-14) x 10-4 mol L-I 

-02CC02 - + Fe3+ ferric oxalate and 0.15 mol L-I H+; Log A = 
17.7, E. = 71 kJ mol-I; studied at 18.3-
31.8°C. 

9.6 Pentacyanoferrate(m ion 

9.6.1 2-Methylpyrazine 

Fe(CN)S3- + 2-Mepz ~ 4.8 x 102 8-10 0.1 25 f.p. O.k. at 440-470 nm in soln. contg. 
Fe(CNh(2-Mepz)3- Fe(CN)5(2-Mepz)3- and 0.1-9.6 mol L-I 2-

methylpyrazine; at 1 and 50°C, k = 44 and 
4.6 x 103 L mol- I s-I , respectively, giving 
Ml* = 67 kJ mol-I and tlS~ = 32 J K-I 

mol-I . Product suggested to be N1 isomer 
which rearranges to N4 isomer. 

90A499 
90AI7l 
91A067 

91A067 

90A499 
90A171 

90A499 

727193 

727193 

8lA238 
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TABLE 9. Rate constants for iron transients - Continued 

No. Reaction I t(°C) Method Comment Ref. 

9.7 Pentacyanonitrosylferrate(TI) ion 

9.7.1 2-Hydroxy.2,2-dimethylethyl 

Fe(CN)sN03- + ·CH2C(CH3)PH 

[Fe(CN)sN(O)CH2C(CH3hOH]3-

9.7.2 2-Amino-2-carboxy-2-methylethyl 

2.5 X 109 

Fe(CN)sN03- + 1.6 X 109 

"CH2C(CH3)(NH3 +)C02 - ---+ 

[Fe(CN)sN(O)CH2C(CH3)(NH3 +)C02l 3-

9.7.3 (N·Acetyl-N·methylamino)methyl 

Fe(CN)sN03- + 3.5 X 1010 
·CH2N(CH3)C(O)CH3 ---+ 

[Fe(CNhN(O)CH2N(CH3)C(O)CH3]3-

9.7.4 2-Amino-2.methylpropyl, conjugate acid 

Fe(CN)sN03- + 1.2 X 1010 
·CH2C(CH3)2NH3 + ---+ 

[Fe(CN)sN(O)CH2C(CH3h NH3]2-

9.7.s 2-Carboxy-2-hydroxy-2-methylethyl, anion 

Fe(CN)sN03- + 6.3 X 108 

'CH2C(CH3)(OH)C02 - --> 

[Fe(CN)sN(O)CH2COH(CH3)C02]4-

9.7.6 2-Carboxy-2,2-dimethylethyl anion 

Fe(CN)sN03- + 2.0 X 109 

·CH2C(CH3hC02- ---+ 

[Fe(CN)sN(O)CH2C(CH3hC02]4-

6.0-
7.5 

6.0-
7.5 

6.0-
7.5 

6.0-
7.5 

6.0-
7.5 

6.3 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

P.b.k. and d.k. at 380 nm in Ar-satd. soin. 79A134 
contg. Fe(CN)sN02- and 0.3 mol L -I tert-
BuOH. 

P.b.k. and .d.k. at 380 nm in Ar-satd. soin. 
contg. Fe(CN)sN02- and 0.3 mol L-1 cx
aminoisobutyrate ion. 

79A134 

P.b.k. and d.k. at 380 nm in Ar-satd. soln. 79A134 
contg. Fe(CN)sN02- and 0.3 mol L-1 N,N
dimethylacetamide. 

P.b.k. and d.k. at 380 nm in Ar-satd. soln. 79A134 
contg. Fe(CN)sN02- and 0.3 mol L-1 tert
butylamine. 

P.b.k. and d.k. at 380 nm in Ar-satd. soln. 79A134 
contg. Fe(CN)sN02- and 0.3 mol L-1 cx
hydroxyisobutyrate ion. 

P.b.k. and d.k. at 380 nm in Ar-satd. soln. 79A134 
contg. Fe(CN)sN02- and 0.3 mol L-1 

pivalate ion. 

9.S Acetonitrile(aqua)-2,3,9,10-tetramethyl-1,4,8,11-tetraazacyclotetradeca-1,3,S,10-tetraeneiron(TI) ion 

9.8.1 Carbon monoxide 

Fe(tim)(CH3CN)(H20)2+ + CO ---+ 

Fe(tim)CO(CH3CN)2+ + H20 
7.1 X 103 0.5 23 f.p. O.k. at 550 nm in soln. contg. 9.8 x 10-4 84A403 

mol L-1 CO,-10-s mol L-1 

Fe(tim)CO(H20)2+ and 0.031-2.55 mol L-1 

acetonitrile; '" = 1.2 X 10-3 s-I [84M388]. 

9.9 Diaqua(2,3,9,10-tetramethyl-1,4,8,11-tetraazacyclotetradeca-1,3,S,10-tetraeneiron(TI) ion 

9.9.1 Carbon monoxide 

Fe(tim)(H20h2+ + CO ---+ 

Fe(tim)CO(H20)2+ + H20 
0.5 23 f.p. 

9.10 5,10,15,20-Tetrakis(1-methylpyridinium-4-yl)porphinatoiron(TI) ion 

9.10.1 Carbon monoxide 

FeTMpyp4+ + CO ---+ 

FeTMpyP(CO)4+ 
8 p.r. 

9.11 a,a,a,~-Tetrakis(N-methylisonicotinamidophenyl)porphinatoiron(TI) ion 

9.11.1 Carbon monoxide 

FePFJ"'+ + CO ---+ FePFP(CO)4+ 2.9 X lOs 7.9 0.1 p.r. 

- .. - • . , "11_1 _ ..... _ " ~I'\n~ 

O.k. at 650 nm in soln. contg. CO and 84A403 
Fe(tim)CO(Hp)2+ (pseudo-first order 
reaction) or Ar-satd. to remove CO (second 
order reaction); kr = 1.8 X 10-3 S-I 
[84M388]. 

O.k. at 450 nm in soln. contg. 0.1 mol L-1 82A119 
formate, 0.005-0.022 mol L-1 N20, (1-9) X 

10-4 mol L-1 CO and (2-3) x lO-s mol L-1 

FeTMpyp5+. 

O.k. at 440 nm in soln. contg. 0.1 mol L-1 86AI54 
formate, 0.005-0.022 mol L-1 N20, (1-9) X 

10-4 mol L-1 CO and (2-3) x lO-s mol L-1 

FePpp5+. 
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TABLE 9. Rate ,constants for iron transients ,'~. Continued 

:t~l2.",Iron(ll).deuteroporphyrin (2-propanol)2 

;J~~l~lTri~blo~methYl 

:R,DP(2~PrOH)2+ ~ CCI3 -+ 

;CC13Fe1JP(2~PrOH)2 

. .: : :, -:~ .- " " '. 

,.i3,'l'ris(2,2' -bipyridine)iron(mion, Oil-adduct 

:.~J3~1'First-orderreaction 
->' .', '~(I>PY)i(bpYOH)2+ -+ 

,'t~13.2, "Ferricyanide ion 

Fe(l>PY)i(bpyOH)2+ + Fe(CN)63- -+ t 2.1 X 105 

~33.3 Oxygen 

'Fe(bPYh(l>PyOH)2+ + O2 -+ 

t 7.6 X 106 

7.2 

7 

-6 

"':'6 

-6 

-6 

9,14 Bis(2,2'-bipyridine)dicyanoferrate(D), OH reaction product 

;~U4.1 ,First-order reaction 

Fe(bpYh(CNh/OH-4 

9~lS Hydroperoxide-iron(Ill) iron(ll) complex 

9~15.1 First-orderreaction 

FeH02Fe4+ -+ Fe3+ + FeH02 + 1.8 X 104 s-1 

2.5 x 104 8-1 

4, nat 

0.1-
0.3 

1.0 

teC). Method Comment Ref. 

p.r. 

p.r. 

20 p.r. 

p.r. 

, p.r. 

p.r. 

p.r. 

p.r. 

20 p.r. 
25 

D.k. at 412 run in soln. contg. lO-4 IIlol L-:-l 80AOll 
Fe(II1) demeroporphyrln, 6.~ mol L '-12_ 

PrOH, 0.034 mol L-1 acetone, (0.25-1.0) x 
10-4 mol L-1 CCI4 and ,6;2 x 10-3 mol L-1 

phosphate. Reaction is followed by first.;' 
order process, k = 70 S-1~ suggested to 
represent structural, rearrangement. 

D.k.at 400nm in NiO-satd. soln. contg; 
(0.32-1.0) x 10-4 mol L..,.1 Fe(bpyh2+. At 
520 run decay is mixed, order; k= 1 x 103 

s-1 from condy.change at pH 4 and 9. 

90A105 

D.k. at 400 nm in N20.,satd~ soln. contg. 82A343 
Fe(l>PYh2+. At 520 run decay is rriixedorder 
suggesting existence of at least two isoniers. 

D.k. at 375 and 620 run in N20-satd. soln. 
contg. 8.0 x 10-4 mol L-1 Fe(CN)l-. 

D.k. at 825 run in N20-satd.soln.contg. 
(0.8-2.0}x 10'-3 molL -1 Fe(CN)63-. 

t Wavelength dependence of k attributed to 
the presence of more than one form of tbe 
reactant. 

90A015 

90A015 

D.k. at 400 nm in N20-satd; soln. contg. 6.0 90A015 
. x 10-4 mol L~l O2, 

D.k. at 525 run in N20-satd. soln. contg. 6.0 90A015 
x 10-4 mol L -1 Oz. 

t Wavelength dependence of k attributed to 
the presence of more than one form of the . 
reactant. 

D.k. at 310, 330, 515-530 nm in Ni0-'satd. 90A015 
soln. contg. (3.1-5.6) x 10-5 mol L-1 

Fe(bpyh(CNh. From condy. measurements 
k=4x 103 s-l. At pH 9.0, 95d.k. is 
complex .. Reactant suggested to be a 
mixture of [Fe(bpyh(CN)2t and various 
·OHadducts. 

D.k. atA50 run in Orsatd. soln. contg. 730038 
r-c(Q04h and HCI04; Ea = 48 kJ mor l ; 

studied at 20-40°C. For the equilibrium 
Fe3+H02 - + Fe2+;::t FeH02Fe4+ K = 22, 27, 
33,37.5 L mor l at 20,25,30 and 40°C, 
respectively. 
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TABLE 9. Rate constants for iron transients - Continued 

No. Reaction 

9.16 Hydridoiron(1D) ion 

9.16.1 Hydrogen ion 

FeH2+ + H+ -+ Fe3+ + H2 

9.17 Hydroperoxide-iron(llI) complex 

9.17.1 First-order reaction 

FeH02
2+ -+ Fe3+ + H02-

1.1 X 104 

9.18 Hydroperoxide-sulfatoiron(1D) complex 

9.18.1 First-order reaction 

FeH02S04 -+ FeSO/ + H02-

0.1-
1.0 

0.1-
0.3 

0.1-
0.3 

9.19 Hydroperoxide-sulfatoiron(1D) iron(ll) complex 

9.19.1 First-order reaction 

FeH02FeSol+ -+ FeS04Fe3+ + 
H02-

9.20 Hydridoiron(llI) protoporphyrin 

9.20.1 Water 

Fe(III)PP(H) + H20 -+ Fe(III)PP + 
H2 +OW 

9.21 Hydroxymethyliron(llI) protoporphyrin 

9.21.1 Water 

HOCH2Fe(III)PP + H20 -+ 

Fe(III)PP + MeOH + OW 

9.22 1-Hydroxyethyliron(llI) protoporphyrin 

9.22.1 Water 

CH3CHOHFe(III)PP + H20 -+ 

Fe(ITI)PP + EtOH + OW 

0.1-
0.3 

10 

10 

10 

9.23 I-Hydroxy-l-methylethyliron(llI) protoporphyrin 

9.23.1 Water 

(CH3)2C(OH)Fe(III)PP + H20 -+ 

Fe(III)PP + 2-PrOH + OIr 
10 

1 

0.1-
1.0 

1.0 

teC) Method Comment Ref. 

19-24 p.r. 

20,25 p.r. 

22 p.r. 

22 p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

O.k. at 320-370 run in deaerated soln. contg. 690434 
Fe(CI04h and HCI04• 

Calcd. from d.k. at 450 nm in Orsatd. soIn. 730038 
contg. Fe(CI04)2 and HCI04; Ea = 8.8 kJ 
mol-I; studied at 20-4Q°C. 

Estd. from d.k. at 450 nm in Orsatd. soln. 731022 
contg. (1.5-2.3) x 10-2 mol L -1 Fe2+ and 0-
0.13 mol L-1 sulfate. For the equilibrium 
Fe3+H02- + sol-~ FeH02S04, K = 90 L 
mol-I. 

Estd. from d.k. at 450 nm in Oz-satd. spIn. 731022 
contg. (1.5-2.3) x 10-2 mol L-1 Fe2+ and 0-
0.13 mol L-1 sulfate. For the equilibrium 
'FeH02Fe4+ + sol-~ FeHOzFesol+, K = 
100 Lmol-1• 

D.k. in Ar-satd. soln. contg. 2 x 10-5 mol 85AOO6 
L-1Fe(II) protoporphyrin and 0.1 mol L-1 

tert-BuOH. In N20-satd. soln. contg. (2-10) 
x10-5 mol L -1 Fe(II)PP and 0.1 mol L-1 

formate, k =.2.0 x 103 s-1. 

D.k. in N20-satd. soln. contg. 2 X 10-5 mol 85AOO6 
L-1 Fe(I!) protoporphyrin and 0.1 mol L-1 

MeOH. 

D.k. in N20-satd. soln. contg. 2 x 10-5 mol 85AOO6 
L-1 Fe(II) protoporphyrin and 0.1 mol L-1 

EtOH. 

O.k. in N20-satd. soln. contg. 2 x 10-5 mol 85AOQ( 
L-1 Fe(II) protoporphyrin and 0.1 mol L-1 

2-PrOH. 
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TABLE 9. Rate constants for iron transients - Continued 

. ;,":.f"~>,==================================== 
No .. Reaction k(Lmol-1 s-l) pH 

V.14 2-Hydroxyethyliron(llI) protoporphyrin 

9.24.1 First-order reaction 

HOCH2CH2Fe(III)PP -+ Fe(m)pp 
+ H2C=CH2 + OIr 

10-13 

'.25 2-Hydroxy-l-methylethyliron(llI) protoporphyrin 

9.25.1 First-order reaction 

HOCH2CH(CH3)Fe(m)pp -+ 

Fe(III)PP + CH3CH=CH2 + OIr 
10-13 

teC)' Method Comment Ref. 

p.r. 

p.r. 

D.k. in ethylene-N20 (9:1) satd. soln. contg. 86A511 
(1-3) x 10-5 mol L -I Fe(II) protoporphyrin. 

D.k. in propylene-NzO (9:1) satd. soln. 
contg. (1-3) x 10-5 mol L-1 Fe(II) 
protoporphyrin. 

86A511 

~.26 Triftuoromethyliron(llI) deuteroporphyrin (2-propoxY)(2-propanol) 

9.26.1 Iron(ll) deuteroporphyrin (2-propoxy)(2-propanol) 

CF3Fe(IlI)DP(2-PrO-)(2-PrOH) + 5.1 x 106 

Fe(II)DP(2-PrO-)(2-PrOH) -+ 

CF2FeDP(2-PrO')(~-PrOH) + 
Fe(III)DP(2-PrO-)(2-PrOH) + P-

1).27 Tris(l,lO-phenanthroline)iron(llI) ion 

9.27.1 Iron(ll) ion 

Fe(phenh3+ + Fez+ -+ Fe(phen)l+ 5.4 x 104 

+Fe3+ 6.4 x 104 

•• 28 Aqua(metbyl)nitrilotriacetatoferrate(llI) ion 

9.28.1 First-order reaction 

CH3FeNTA(H20)- -+ 9 x 103 S-I 
FeNTA(H20)- + ·CH3 1.1 X 103 s-I 

9.28.2 Metbyl 

CH3FeNTA(HzOr + ' CH3 ~ :'5.:'5 X 108 

FeNTA(HzO)- + C2~ 

!J.29 Carboxylato(nitrilotriacetato)ferrate(llI) ion 

9.29.1 First-order reaction 

[C02FeNTA]2- -+ FeNTA - + 
CO2·-

9.29.2 Carbon dioxide radical anion 

[C02FeNTA]2- + CO2·- + H20 -+ 

\FeNTA - + CO2 + CO + 2 OIr 

12.7 

0 
1.1 

4-8 
10.5 

4-8 

7 

7 

p.r. P.b.k. at 460 run in CF3Br-!mtd_ soln. contg_ R7A232 
6.5 mol L-1 2-PrOH, (0.6-2) x 10-4 mol L-1 

Fe(II) deuteroporphyrin and 0.05 mol L-1 

NaOH; CFzFeDP is suggested to hydrolyze 
slowly to lrive FeDP(CQ). 

1.0 25 f.pJoq Absorbance changes at 450 run in soln. 777164 
0.10 contg. 3.0 x 10-6 mol L-1 Ru(bpyh2+. 2.5 X 

10-6 mol L-1 Fe(phenh2+, 4.0 x 10-3 mol 
L-1 Fea+ (OQ), 3.0 x 10-5 mol L-1 Fe2+ and 
1.0 or 0.076 mol L -1 H+, respectively. 

p.r. D.k. in N20-satd. soln. contg. 0.002-0.006 
mol L -I NTA, (0.5-5.0) x 10-3 mol L-1 

88A426 

FeS04 and 0.1-0.5 mol L-1 DMSO; kc=2.1 
x 107 and 5.3 x 106 L mol-l S-1 at pH 4-8 
and 10.5. respectively. 

p.r. Calcd. tram conen. dependence of d.k. in 88A426 
N20-satd. soln. contg. 0.002-0.006 mol L-1 

NTA, (0.5-5.0) x 10-3 mol L -I FeS04 and 
0.1-0.5 mol L-1 DMSO; at pH 10.5, k - 2 X 
107 Lmol 1 s 1. 

p.r. Calcd. from concn. dependence of d.k. in 88A184 
N20-satd. soln. contg. FeS04• fonnate, 
NT A, with and without Co(NH3)63+ or 
Fe(III); kr = 1.5 X 107 L mol-1 S-I. 

p.r. Calcd. from conen. dependence of d.k. in 88A184 
N20-satd. soln. eontg. fonnate and FeS04 
with and without CO(NH3)63+, NTA or 
Fe(III). 
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TABLE 9. Rate constants for iron transients - Continued 

No. Reaction pH J t(°C) Method Comment Ref. 

9.30 Carboxylato(2-hyd£oxyethylethylenediaminctdacctato)ferrate(Ill) ion 

9.30.1 First-order reaction 

C02FeHEDTA2- ~ FeHEDTA- + 25 7 p.r. Calcd. from conen. dependence of d.k. in 88A184 
CO2'- N20-satd. soln. contg. ferrous ammonium 

sulfate, formate, HEDTA, with and without 
CO(NH3)63+ or Fe(III); kr = 6.2 X 106 L 
mol-l s-l. 

9.30.2 Carbon dioxide radical anion 

C02FeHEDTA2- + CO2'- + H2O 4.5 X 106 7 p.r. Calcd. from concn. dependence of d.k. in 88A184 
~ FeHEDTA- + CO2 + CO + 2 N20-satd. soln. contg. formate, ferrous 
OW ammonium sulfate and HEDTA with and 

without Co(NH3)63+ or Fe(III). 

9.31 Dietbylenetriaminepentaacetatoferrate(llI), DTPA radical adduct 

9.31.1 First-order reaction 

DTPAFeIDDTPA' ~ 2.1 X 104 s-1 8-11 0.1 p.r. Calcd. from d.k. in N20-satd. soln. contg. 89A135 
DTPAFeIDDTPAi 0.1 mol L -1 NaCI04, 0.001 mol L -1 DTPA, 

and (4.5-143) x 10-6 mol L-I FeDTPA2-. 
Reaction suggested to represent 
rearrangement of the ligand radical. Product 
reacts with parent complex, k = 2.5 x 107 L 
morl s-1 at pH 8-10. 

9.32 Tetracyano(2,2' -bipyridine )ferrate(llI) ion 

9.32.1 1,1' -Dimethyl-4,4' -bipyridinium radical cation 

Fe(bpy)(CN)4- + MV'+ ~ 1.8 X 1010 f.p.lpi D.k. in soln. contg. Fe(bpy)(CN)i- and 91 A067 
Fe(bpy)(CN)l- + My2+ My2+. Value obtained from computer fit. 

9.33 Sulfatoiron(llI) ion 

9.33.1 First-order reaction 

FeSO/ ~ sol- + Fe3+ 6.5 X 103 s-1 2.1 20 f.p. D.k. at 450 nm in Ar-satd. soln. contg. 0.001 90A261 
mol L-1 K2S20& and 7.5 x 10-5 mol L-1 

Fe2+; value obtained from computer fit. 

FeS04 + ~ S04'- + Fe2+ -5 x 104 S-1 2.1 20 f.p. D.k. at 450 nm in Ar-satd. soln. contg. 0.001 90A261 
mol L-1 K2S20 S and 7.5 x 10-5 mol L-1 

Fe2+; value obtained from computer fit; kr = 
3 X lOS L mo}-l s-l. 

9.34 Ferricyanide ion 

9.34.1 3,4-Dimethoxyphenoxide ion 

Fe(CN)63- + 3,4-{CH3OhC6H30 - 2.7 X 104 13.5 20 p.r. P.b.k. in N20-satd. soln. contg. 0-10) x 91A455 
~ Fe(CN)64- + 10-3 mol L-1 K4Fe(CN)6' -0.04 mol L-1 

3,4-(CH3OhC6H3O' 3,4-dimethoxyphenoxide ion and Br-; kr = 
6.5 x 105 L mol-1 &-1. 

9.34.2 5-HydroxyindoJe, conjugate base 

Fe(CN)i- + 5-InH-O- ~ 4.0 x 106 13.5 20 f.p.lpi P.b.k. at 500 nm in Ar-satd. soln. contg. (2- 90C007 

Fe(CN)64- + 5-InH-0' 4) x 10-3 mol L -1 K4Fe(CN)6 and 0.1 mol 
L-1 2-chloroethanol. 

9.34.3 5-Hydroxyindole-3-acetate ion, conjugate base 

Fe(CN)63- + R-InH-O- ~ 2.7 x 106 13.5 20 f.p.lpi P.b.k. at 500 nm in Ar-satd. soln. contg. (2- 90COO7 

Fe(CN)64- + R-InH-O' 4) x 10-3 mol L -1 K4Fe(CN)6 and 0.1 mo1 
L -1 2-chloroethanol. 
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TABLE 9~ RatecoIistants foriron1riUisients --Continued 

£i~~~erri~Y~de ion "-- Continued 

, ('~A-·.·.5-HydroxytryptOPban, conjugate base 

"-;;".~(CN)63~f5-(OJTrpH ~ 2.1 x106 

;··:Fe(CN)~+':+5~(O·)TrpH·._ 

'J4~ Sesam(tl,conjugate base 

··~(CN)63-+3,4-(CH202)C6H30-
,"1l'tl(CN)64-+ . 

\3;MCFh02)C6H30· 

_'~.~·i. ~rf)to~n, conjugate base 

, .. Pe(Cmb 3:-+R :Inl:I. O-.~ 
Pe(CN)6~ +R-InH-O· 

1.6 X 106 

2.4 X 105 

5.9 x 106 

:t$4i7 .... ' f'I,IV,N' ,N ~Tetrametbyl-p;.pbenYlenediamine 

13.5 

13.5 

13.5 

13.7 

F,e(CN)6~~-+TMPD ~Fe(CN)64-:- + . 5.4 X 106 9.1 
·-rl'MPD]"+ 

9.8 X 106 13.5 

. :'..aJ>'Carboxyferricenium 

'35.1: lV,NH,N' -Tetrametbyl-p~phenyleriediamiile 
-~FCtCO:i'" +TMPD ~ -FcCO{"+ _ 
-[TMPD]"+ 

·t36 ,1,1'~Dicarboxyferricenium 

J;36i: 3's-DbnethoxY.,henoxide io~ 
PC+(CO£12 + 3.5-(CH30hC6H30-

. , -i, FC(COz"lz + 
.' 3.5-(@30)2C6H30· 

9~~2,6-J)imethoxyphenoxide ion 

"Pc+(C02)2 + 2,6-(CH~OhCnH'iO
:::tFc(COi-h + 

-:2.6-(OFhO)2C~30· 

.. 7.2x 108 

6.5 X 106 

,.~.36.3,N,N,N p.-Tetramethyl-p-phenylenediamine 

Pc1"(C02 )2 + TMPD ~ Fc(C02}2 
+ [TMPD]"+ 

9.3 X lOB 

9:37 .. -Hydroxyme~hylrerricenium 
·937.1N,N,N;N'~Tetrametbyl,;p-phenylenediamine 

Fc+CH20H + TMPD -4 FcCH20H 1.7 x 108 

+ [TMPD]"+ 

8 

7.0 
8.0 

7.0 

8 

8 

t(°C) Method Comment Ref. 

20 f.pJpi 

20 p.r. 

20 p.r. 

20 f.pJpi 

20 f.pJpi 

20 p.r. 

20 p.r. 

20 p.r. 

20 p.r. 

20 p.r. 

20 p.r._ 

P.b.k. at 500 om in Ar':satd. soID. contg. (2- JOC007 
4) xlO.,.3 mol L-1 K.tFe(CNkand 0:1 mol 
L..,I 2-chloroethaIiol; lcr = 2.8 X 104 L mol..;.l 
s-I. . . " . 

P.b,k. at 500 om inN20-satd. soln. contg. 1 9OC007 
x iO-4mol L-1 K.tFe(CN)6 and-O,fniolL-1 

azideioo; kr=2,7xl04 Lmol-1 s~I .. 

P.b.k. in N20-satd.soln.contg. (1.-10) x 91A455 
10-3 mol L-1 K4Fe(CN)6,.,..().04molL-1 

sesaIll0I and Br-;~= S;2xl05 L m.or1 s-l. 

P.h.k.at 500 nm in Arc,satd. soln; conts~ (2- 9OC007 
4) X 10-3 molL-1 K.tFe(CN)6 and 0.1 mol-
L-1 2-chloroetbanol; kr= 1 X 1()5.Lmor1 

s-l. 

P.b.k. in Ar.;satd. soln. c~n1:g; (2-4) x 10-3 90C007 
nioIV-1 K4Fe(CN)6 and 0.1 morL-1 2.; 
chloroethanol; kr= l.4x 105 Lmol-1 s-1• 

P.b.k.at 500 om in N20-satd. soln. contg. 90C007 
0.01 mol L-1 K.tFe(CN)6 and 0;1 molL-1 

azide-ion . 

P.b;k. at 565 om in N20.;satd. soln. contg. 92A363 
(1-5) x 10-3 mol L-1 PcC02-.(0.05-0.2) mol 
L-1 SCN"" and (1-5) x 10-:-5 mol L-:-l TMPD. 

P.b.k. in N20-satd. soIn. contg.Br:; "' .• -;= 1.1 91A455 
x 109 and 7;0 x 108 L mor1 s-1 ~tpH 7.0 
and 8,0, respectively. 

P.bk in N,O-satd. soln.contg. Br. 91A455 

P.b.k. at 565 om in N20-satd. soln. contg. 92A363 
(1-5) x 10,,"3 mol L-:-l Fc(C02J2. (0.05;'0.2) 
mol L-1 SeN" and (1-5) x 10-5 mol L-1 

TMPD. 

P.b.k. at 565 om in N20-satd.· solo. contg. 92A363 
(1-5) x 10-3 mol L-1 FcCH20H, (0.05-0.2) 
mol L-1 SCN"" and (1-5) x 10-5 mol L-1 

TMPD. 
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TABLE 9. Rate constants for iron transients - Continued 

No. Reaction k pH I teC) Method ' Comment Ref. 

9.38 (Dimethylaminomethyl)ferricenium 

9.38.1 N,N,N',N' -Tetramethyl-p-phenylenediamine 

Fc+CH2N(CH3h + TMPD ~ 2.2 x 108 

FcCH2N(CH3h + [TMPDr+ 

9.38.2 3,4-Dimethoxyphenol 

Fc+CH2N(CH3)z + 
3,4-(CH30hC6H30H ~ 
FcCH2N(CH3h + 
3,4-(CH30)2C6H30' + H+ 

8.7 X 105 

9.39 Tris(2,2'-hipyridine)iron(llI) ion, OH-adduct 

9.39.1 First-order reaction 

9.40 Tris(2,2'-hipyridine)iron(llI) ion, H-adduct 

9.40.1 First-order reaction 

Fe(bpY)2(bpyH););- ~ 

8 20 p.r. 

7.0 20 p.r. 

3 20 p.r. 

3 20 p.r. 

P.b.k. at 565 nm in N20-satd. soln. contg. 92A363 
(1-5) x 10-3 mol L-1 FcCH2N(CH3h, (0.05-
0.2) mol Ll SCW and (1-5) x 10-5 mol L-1 

TMPD. 

P.b.k. in N20-satd. soln. contg. Br-; kr = 2.9 91A455 
x 107 L mol-1 S-I. 

O.k. at 400 nm in N20-satd. soln, contg. 1 x 82A343 
10-4 mol L-1 Fe(bpy h 3+. 

D.k. at 400 nm in Ar-satd. soln. contg. I x 
10-4 mol L-1 Fe(bpYh3+ and 0.5 mol L-1 

tert-BuOH. 

82A343 

9.41 5,1 O,15,20-Tetrakis(l-methylpyridinium-4-yl)porphineiron{ ill)-superoxide complex 

9.41.1 Superoxide radical anion 

(FeTMpyP-02]4+ + 02'- + 2 H+ ~ 
FeTMpyp5+ + H20z + 02 

9.42 Methyliron(IV) deuteroporphyrin (2-propanol)2 

9.42.1 Iron(lI) deuteroporphyrin (2-propanol)z 

CH3Fe(IV)DP(2-PrOH}z + 4 x 108 

Fe(II)DP(2-PrOH)z ~ 
CH3Fe(III)DP(2-PrOHh + 
Fe(III)DP(2-PrOH)z 

7 

9.43 Iron(TII) deuteroporphyrin (2-propanol)2' 'CHCI2 radical adduct 

9.43.1 First-order reaction 

FeDP(2-PrOH)i'CHClz ~ 7.2 

p.r. 

p.r. 

p.r. 

9.44 Iron(llI) deuteroporphyrin (2-propoxy)(2-propanol), . CF 3 reaction product 

FeDP(2-PrO-)(2-PrOH)f"CF3 ~ 12.7 p.r. 

Calcd. from equil. concn. fonned in 02-satd. 82A 119 
soln. of Fe(III) complex ; in presence of 
formate k = 7.6 X 108 L mort s-l, difference 
attributed to change in ionic strength. 

D.k. at 470 nm in soln. contg. 6.5 mol L-1 BIA123 
2-PrOH. 10-4 mol L -I Fe(IIJ) 

deuteroporphyrin and CH3Cl. 

D.k. in soln. eontg. 10-4 mol L -1 Fe(III) 80AOIl 
deuteroporphyrin, 6.5 mol L-1 2-PrOH and 
chloroform. 

D.k. at 520 nm in CF3Br-satd. soln. contg. 87 A232 
6.5 mol L-1 2-PrOH, varied conen. of Fe(III) 
deuteroporphyrin and 0.05 mol L -1 NaOH. 
Species suggested to be Fe(IV)-CF3 adduct 
or Fe(III)DP+ (oxidized porphyrin). 
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TABLE 9. Rate constants for iron transients - Continued 

#~~~~ -

~J, Reaction k(L mol-I s-l) pH I t(°C) Method Comment Ref. 

';':!"':1p"='0!'".'IOiI 

'ftti Iron(Ill) deuteroporpbyrin dimethyl ester (2-propanolh, I-bydroxy-l-methyletbylperoxyl adduct 

tAS.l First-order reaction 

(CH3hC(OH)OOFeOPOME(2-PrOHh -4x 107 s-1 0-2 p.r. Calcd. from d.k. at 660 om in air-satd. soln. 85A311 
-+ (Fe(ITI)DPDME(2-PrOHhr+ + contg. 6.5 mol L-1 2-PrOH, 1 x 10-4 mol 
(CH3hC(OH)OO- L-1 Fe(ITI) deuteroporphyrin dimethyl ester 

and 0.01-1 mol L-1 H+. 

(CH3hC(OH)OOFeOPDME(2- -2 x 108 s-l 0-2 p.r. Calcd. from d.k. at 660 om in air-satd. soln. 85A311 
PrOH)2 -+ Fe(1lI)DPOME(2- contg. 6.5 mol L-1 2-PrOH, 1 x 10-4 mol 
PrOH)2 + (CH3)2C(OH)OO' L -1 Fe(ITI) deuterop01phyrin dimethyl ester 

and 0.01-1 mol L -1 H+; kr = -6 X 107 L 
morl s-l. 

;.~~ Ferrate(IV) ion 

'.46.1 First-order reaction 

FeO(OH)n 2-n -+ -2s-1 14 25 p.r. D.k. in N20-satd. soln. contg. (1-3.5) x 10-5 86A018 
mol L-1 Fe(OH)4- and 1 mol L-1 NaOH. 

fA7 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatoferrate(llI) radical cation 

~A7.l 5,10,15,20-Tetrakis(4-sulfonatophenyl)porpbinatoferrate(lll) radical cation 

[FeTPPSr2- + (FeTPPSr2--+ 1.3 x 109 7 p.r. O.k. at 700 nm in N20-satd. soln. contg. 
0.01 mol L -1 KBr. 

86S115 

9.48 Carbonatoiron(IV) 

~A8.1 Carbonatoiron(lV) 

FeIV(C03)m + FeIV(C03)m -+ 1.3 x 105 13 p.r. O.k. at 420 om in N20-satd. soln. contg. 90A278 
Fe(III) and carbonate; unclear whether k or 
2k. 

9 .... ' Iron(1V) pyrophosphate 

9A9.1 Iron(IV) pyrophosphate 

FeO(P20 7h6- + FeO(P20 7h6--+ 1.0 X 106 10 25 p.r. n.k. at 420 om in N20-satd. soln. contg. 90A373 
(P207hFeOOFe(P207h 12- (4-10) x 10-4 mol L-l Fe(IlI) and 0.1 mol 

L -1 Na pyrophosphate. Computer 
simulation suggested that k could be 10-
20% lower; unclear whether k or 2k. 

9.49.z Bydcugeu peroxide 

FeO(P20 7)26- + H20 2 -+ 3.9 X 105 10 25 p.r. n.k. at 420 om in N20-satd. soln. contg. 90A373 
FeOH(P20 7)26- + O2'- + H+ (1-10) X 10-4 mol L-1 Fe(III) and 0.1 mol 

L-1 Napyrophosphate. Average of values 
obtained with and without added H2OZ' 

9.49.3 Manganese(ll) pyrophosphate 

FeO(P20 7h6- + Mn(PZ0 7)n (4n-2)- 1.2 X 106 10 25 p.r. n.k. in N20-satd. soln. contg. 0.1 mol L-1 90A373 
pyrophOsphate and (I-l3) x 10-5 mol L-1 

Mn(II) pyrophosphate. 

9.49,4 Iron(ll) pyrophosphate 

FeO(Pz0 7h6- --l Fe(P2O·')n(4n-2}- ..... 1.6 x 106 10 25 p.r. D.k. in N20-satd. soln. (;ontg. 0.1 mol L-l 90A373 
pyrophosphate and Fe(II) pyrophosphate. 

9.49.5 CobaJt(lI) pyrophosphate 

FeO(P20 7)26- + Co(P20 7)n (4n-2)- ~.'ii x 105 10 ?5 p.r n.k in NzO-gatd. goln. contg. 0.1 mol L-1 90A373 
-+ pyrophosphate and Co(ll) pyrophosphate. 

9.49.6 Nickel(ll) pyrophosphate 

FeO(P:,P7h 6- + Ni(PZ0 7)n (4n-2)- -+ <4.0 X 102 10 25 p.r. No effect on d.k. of Fe(IV) in N,O-satd. 
soln. contg. 0.1 mol L-1 pyrophosphate and 

90A373 

Ni(II) pyrophosphate. 



1150 BUXTON, MULAZZANI, AND ROSS 

TABLE 9. Rate constants for iron transients - Continued 

No. Reaction k(L mor l S-I) pH t(OC) Method Comment Ref. 

9.49 Iron(IV) pyrophosphate - Continued 

9.49.7 Copper(lI) pyrophosphate 

FeO(P20 7h6- + Cu(P20 7)n (4n-2)- <4.0 X 102 10 25 p.r. No effect on d.k. of Fe(IV) in N20-satd. 90A373 
soln. contg. 0.1 mol L-1 pyrophosphate and 
Cu(II) pyrophosphate. 

9.49.8 Ferrocyanide ion 

FeO(P20 7h 6- + Fe(CN)6 4- ~ <1 x 102 10 25 p.r. No effect on d.k. of Fe(IV) in N2O-satd. 90A373 
soln. contg. 0.1 mol L-1 pyrophosphate 
with added 0.1 mol L -I ferrocyanide. 

9.50 Iron(IV) (hydroxo)undecatungstosilicate ion 

9.50.1 Iron(lV) (hydroxo)undecatungstosilicate ion 

HOFeSiWII0395- + 3.2 X 109 4 20-23 p.r. D.k. at 355 nm in N20-satd. soln. contg. 90A253 
HOFeSiWIl 0 39

5- ~ 2.5 x 109 7 (0.13-2) x 10-3 mol L-1 Fe(III) complex and 
0.1 mol L-1 NaCI04. 

9.51 Dihydrogenferrate(V) ion 

9.S1.1 Dihydrogenferrate(V) ion 

H2Fe04 + H2Fe04- ~ -9 x 107 25 p.r. Calcd. from d.k. as a function of pH (6.3-13) 89A354 
in N20-satd. soln. contg. Fe(VI), 2-PrOH or 
EtOH and 0.001 mol L-1 phosphatelborate 
burrer. 

9.51.2 Hydrogenferrate(V) ion 

H2Fe04 - + HFeOl- ~ -3 x 107 25 p.r. Calcd. from d.k. as a function of pH (6.3-13) 89A354 
in NzO-satd. soln. contg. Fe(VI), 2-PrOH or 
EtOH and 0.001 mol L-1 phosphatelborate 
buffer; pKa of H2Fe04 - = 7.5. 

9.:62 Hydrogcnferrote(V) ion 

9.52.1 Hydrogenferrate(V) ion 

HFeOl- + HFeOl- ~ -1.5 x 107 25 p.r. Ca)cd. from d.k. as a function of pH (6.3-13) 89A354 
in N20-satd. soln. cont~. Fe(VI), 2-PrOH or 
EtOH and 0.001 mol L- phosphatelborate 
buffer. 

9.52.2 Ferrate(V) ion 

HFeO/- + Fe04:l--+ l.U X 101 2::> p.r. Calcd. from d.k. as a function of pH (6.3-13) 89A3.54 

in N20-satd. soln. contg. Fe(VI), 2-PrOH or 
EtOH and 0.001 mol L -1 phosphatelborate 
buffer; pKa of HFe04

2- = 10. J • 

9.53 Ferrate(V) ion 

9.53.1 First-order reaction 

Ft:04~- -,. 8 s-J 1004- 25 p.r. D.k. in N20-so.td. soln. contg. K:lFe04; the S9A354 

13 major products are Fe(III) and H20 2. At 
15°C, k = 4 S-I [86A018]. 
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TABLE 10. Rate constants for mercury transients 

*~*\.~.,.. 

Nt;. Reaction k(Lmorl s-!) pH I t(OC) Method Comment Ref. 

UM Mercury atom 

10.1.1 Mercury(ll) ion 

HgO + Hg2+ -!> Hg2
2+ 5.9 X 108 3-4 p.r. Calcd. from pH dependence of p.b.k. at 236 731080 

nm in soln. contg. (1.5-5.9) x 10-5 mol L-1 

HgO. 

JO.l.2 lIydroxytnercuryOUQion 

HgO + HgOH+ -!> Hgl+ + OW 5.0 X 108 3-4 p.r. Calcd. from pH dependence of p.b.k. at 236 731080 
om in soln. contg. (1.5-5.9) x 10-5 mol L-1 

HgO. 

10.1.3 Mercury(lI) dihydroxide 

HgO + Hg(0H)2 -+ Hgi+ + 2 OW ~X107 3-4 p.r. Calcd. from pH dependence of p.b.k. at 236 731080 
nm in soIn. contg. (1.5-5.9) x 10-5 mol L-1 

HgO. 

to.2 Mercury(1) ion, complex with ~ercury(O) 

1.0.2.1 Mercury(l) ion, complex with mercury(O) 

Hg2+ + Hg2+-!> * 7.5 X 109 2.3 p.r. D.k. at 285 run in Ar-satd. soln. contg. 
Hgl+ and HCI04• 

92A466 

* 1.6 X 109 1.0- SO.2 p.r. D.k. at 300 om in Ar-satd. soln. contg. 79A063 
3.5 HgS04 and HCI04; average of 8 values; k = 

2.5 X 109 L mol-1 !:-l in pre.c::ence of t mol 
L-1 HCI04• In strong acid observed initial 
slow component attributed to presence of 
Hg2H

2+. 

'" 7 x 109 1.9 SO.017 p.I. D.k.. Ul2S,S lUll in Ar-sillu. suill. cunlg. ().Ol 
mol L -1 terr-BuOH and Hg2(CI04h. 

720290 

* Unexplained discrepancy in these data. 

JO.2.2 Mercury(l) dimer ion 

Hgt + Hg2
2+ -!> Hgl+ 4.2 X 107 p.r. P.b.k. at 390 nm in Ar-satd. soln. contg. 0.2 

mol L-l Hg2
2+ and HCI04; kr= 7 x 106 s-l. 

92A466 

10.2.3 Oxnen 

Hg2+ +02 -!> 1.1 x 109 3,3.5 p.r. D.k. at 300 nm in Orsatd. soln. contg. 
HgS04 and HCI04; k:: -7 X 108 L morl s-1 

79A063 

at pH 0 and 1. 

10.3 Mercury(1) ion 

.0.3.1 Mercury(l) ion 

Hg+ + Hg+ -!> HgO + Hg2+ 2.5 X 109 1.2 p.r. O.k. at 360 nm in deaerated solo. contg. 751218 
2.6 x 109 3.15 0.05 x 10-3 mol L-l tert-BuOH and 8 x 10-4 

mol L-1 Hg(CI04h. 
2.5 x 109 2.0 -+0 p.r. D.k. at 255 run in soln. contg. 2 x 10-3 rnoJ 731080 
2.6 x 109 4.3 -+0 L-1 tert~BuOH and 1 x 10-3 or 5 x 10-5 mol 

L-1 HgO at pH 2.0 and 4.3, respectively. 

10.3.2 Tris(l,2' -bipyridine)ruthenium(Dl) ion 

Hg+ ... Ru(bpyh'.'i+ -+ Hg2.f. of- 2.9 X 109 -1 0.23 21 f.pJoq P.h.k. at 436 nm ill dc:aecated 50In. contg. 84A148 
RU(bpyh2+ 3.6 x 10-6 mol L-1 RU(bpyh2+, 1 X 10-2 mol 

L-1 Hg(N03h (OQ), 0.11 mol L-1 HN03 
and 0.09 mol L-1 NaN03; assumed k(Hg+ + 
Hg+) :: 8 X 109 L mol-1 S-I. 

)0.3.3 Tris(l,lO.phenantbroline)ruthenium{lD) ion 

Hg+ + Ru(pheoh3+ -+ Hg2+ + 2.5 X 109 acid f.pJoq P.b.k. at 436 nm io deaerated solo. contg. 84A148 
Ru(Phenh 2+ Ru(phen)!!2+, excess HS(NO,h (OQ), HNO, 

and NaN03; assumed k(Hg+ + Hg+) = 8 x 
109 Lmol-1 s-l. 
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TABLE 10. Rate constants for mercury transients - Continued 

No. Reaction 

10.3 Mercury(1) ion - Continued 

10.3.4 Tris(S-chloro-l,10-phenanthroline)ruthenium(III) ion 

Hg++ Ru(5-Clphenh3+ -+ Hg2+ + 3.9 X 109 acid 
Ru(5-Clphenh 2+ 

10.3.5 Tris(S,6-dimethyl-I,10-phenanthroline)ruthenium(III) ion 

Hg+ + Ru(5,6-Me2phenh3+ -+ 3.2 x 109 acid 
Hg2+ + Ru(5,6-Me2phenh 2+ 

10.3.6 Tris( 4,7.dimcthyl.l,10-phenanthroline )ruthenium(ID) ion 

Hg+ + Ru(4,7-Me2phenh3+ -+ 3.0 x 109 acid 
Hg2+ + Ru(4,7-Me2phenh2+ 

10.3.7 Tris(S-methyl.I,IO-phenanthroline)ruthenium(III) ion 

Hg+ + Ru(5-Mephenh3+ -+ Hg2+ + 3.1 X 109 acid 
Ru(5-Mcphcn)3 ?"'" 

10.4 Mercury(1) hydroxide 

10.4.1 Mercury(l) hydroxide 

HgOH+HgOH -+ 

10.5 Mercury(1) 

10.5.1 Oxygen 

Hg(l) + °2 -+ 

10.6 Mercury(1) bromide 

10.6.1 Mercury(l) bromide 

HgBr + HgBr -+ Hg2Br2 

10.6.2 Oxygen 

HgBr + 02 -+ HgBrOz 

10.6.3 1,4-Benzoquinone 

HgBr + Q -+ HgBr+ + Q'-

10.6.4 Tetranitromethane 

HgBr + C(N02)4 -+ HgBr+ + 
C(N02h - + 'N02 

1.2 X 109 

1.6 X 109 

7 

11.2 
14 

5-5.5 

:S;0.1 

teC) Method Comment Ref. 

f.p./oq P.h.k. at 436 nm in deaerated soln. contg. 84A148 
Ru(5-Clphen)l+, excess Hg(N03h (OQ), 
HN03 and NaN03; assumed k(HS+ -l- HS+) --
8 X 109 Lmorl S-l. 

f.p./oq P.h.k. at 436 nm in deaerated soln. contg. 84A148 
Ru(5,6-Me2phenh2+, excess Hg(N03h 
(OQ), HN03 and NaN03; assumed k(Hg+ + 
Hg+) = 8 X 109 Lmol-1 s-l. 

f.p./oq P.h.k. at 436 nm in deaerated soln. contg. 84A148 
Ru(4,7-Me2phenh2+, excess Hg(N03h 
(OQ), RN03 and NaN03; assumed k(Hg+ + 
Hg+) = 8 X 109 L mol-1 s-1. 

f.p./oq P.h.k. at 436 nm in deaerated soln. contg. 84A148 
Ru(5-Mcphcll}J'"'", c}\.\::c:s:s Hg(N03h (OQ), 

HN03 and NaN03; assumed k(Hg+ + Hg+) = 
8 X 109 L morl s-l. 

p.r. D.k. in Ar-satd. soln. contg. 0.05 mol L-1 83A178 
tert-DuOH and HgO. In 1 mol L -1 KOH, k = 
3.5 X 109 L mol-l s-l [751218]. pK ofthe 
equilihrium Hg+ + H20~ HgOH + H+ is 
reported to he 5.1 [751044]. 

p.r. D.k. at 260 nm in soln. contg. 0.01 mol L-l 751044 
tert-BuOH and 2.0 x 10-4 mol L-1 HgO. 
Products suggested to be Hg20 or 
Hg2(OHh· 

p.r. D.k.; at pH 2.7, k = 4.2 X 108 L morl S-l. 751218 

p.r. P.h.k. in soln. contg. HgBr2' 761042 

p.r. D.k. at 350 nm in soln. contf 5 x 10-4 mol 
L-l HgBr2 and 0.01 mol L- MeOH, EtOH, 

761087 

2-PrOH or formate. 

p.r. D.k. in air-satd. soln. contg. HgBrz. 761042 

p.r. P.h.k. in soln. contg. HgBr2' 761042 

p.r. P.h.k. in soln. contg. HgBr2' 761042 
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TABLE 10. Rate constants for mercury transients - Continued 

m.~:;;."" 

No; Reaction k (Lmor1 s-l) pH t«(lC) Method Comment Ref. 

"),7 Bromomercury(l)peroxyI 

to.7.1 1,4.Benzoquinone 

HgBr02 + Q -I> HgBr+ + O2 + Q'- 7 X 108 p.r. P.h.k. in air-satd. soln. contg. HgBr2. 761042 

.0,8 Mercury(I) chloride 

JO.8.1 Mercury(l) cbloride 

HgCI + HgCI -+ Hg2Clz 3.9x 109 7 p.r. D.k. in Ar-satd. soln. contg. 0.0.5 mol L-1 83A178 
tert-BuOH and HgC12• 

4.0 x 109 p.r. P.h.k. at 235 run and d.k. at 330 nm in AI· 730043 
satd. soln. contg. 0.1 mol L- l 2-PrOH and 2 
x 10--4 mol L-1 HgC12• 

10.8.2 Oxygen 

HgCI + O2 -+ HgCI02 _109 p.r. D.k. in air-satd. soln. contg. 5 x 10-3 mol 730043 
L-1 HgC12• 

)0.8.3 Hydroxyl 

HgCl + 'OB -I> HgCl+ + 011 _1010 5.0 p.r. Estd. from the yield of Hg2CJ2 in At-satd. 
soln. contg. 2 x 10-4 mol L-1 HgC12' 

730043 

10.8.4 1,4-Benzoquinone 

HgCl + Q -I> HgCl+ + Q'- 3.0x 109 p.r. P.b.k. in soln. contg. HgCl2• 761042 

3.9 x 109 5.1 25 p.I'. P.b.k. at 430 om in deaerataed soln. contg. 1 761134 
mol L -I tert-BuOH and 6 x 10-3 mol L -} 
HgC12' 

JO.8.5 Tetranitrometbane 

HgCl + C(N02)4 -7 HgCl+ + 4.5 X 109 p.r. D.k. at 270 nm and p.b.k. at 370 run in Ar· 730043 
C:(N02h- + 'N02 satd. soln. COJltg. 0.2 mol L -1 2-PrOH and 

10-3 mol L -\ HgC12' 

1().9 Chloromercury(l)peroxyl 

10.9.1 1,4-Bemoquinone 

HgCI02 + Q -+ HgCl+ + O2 + Q'- 6x 108 p.r. P.h.k. in air-satd. soln. contg. HgC12• 761042 

1.1 x 109 5.1 25 p.r. P.h.k. in Oz-satd. soln, contg. HgCI2.1,4- 761134 
benzoquinone and 1 mol}:' tert-BuOR. 

10.10 Mercury(1) cyanide 

10.10.1 Mercury(I) cyanide 

HgCN + HgCN -+ Hg2(CNh * 6.0 x 109 p.r. P.b.k. in soln. contg. Hg(CN)2' 761042 

* 1.7 x 109 :50.2 p.r. D.k. at 285 nm in deaerated soln. contg. 751203 
0.005 mol L-1 formate and 2 x 10--4 mol L-1 

Hg(CN)2' 

* Unexplained discrepancy in these data. 

10.10.2 Oxygen 

HgCN + O2 -+ HgCN+ + 02'- 4x 109 p.r. P.b.k. in air-satd. soln. contg. Hg(CN)z. 761042 

10.10.3 Hydroxy) 

HgCN + 'OB-+ 3.1 x 109 p.r. Estimated from initial decay of HgCN in the 751203 
alJsence of Oli scavengers. 

10.10.4 Hydroxymetbyl 

HgCN +'CH20H -I> 4.0x 109 p.r. Estimated from initial decay of HgCN in the 751203 
presence of methanol. 

10.10.5 I-Hydroxyethyl 

HgCN + CH3CHOH -+ 3.9 x 109 p.r. Estimated from initial decay of HgCN in the 751203 
presence of ethanol. 
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TABLE 10. Rate constants for mercury transients - Continued 

No. Reaction 

10.10 Mercury(1) cyanide - Continued 

10.10.6 1-Hydroxy-1-methylethyJ 

HgCN + (CH3hCOH ~ 

10.10.7 2-Hydroxy-2,2·dimethylethyl 

HgCN + 'CH2C(CH3)20H -'I> 

10.10.8 1,4.Belttoquinone 

HgCN + Q -+ HgCW + Q.-

10.10.9 Tetranitromethane 

HgCN + C(N02)4 . > I1gCN+ ..... 

C(N02)3 + ·N02 

10.11 Mercury(1) iodide 

10.11.1 Mercury(l) iodide 

HgI + HgI ~ Hg212 

10.11.2 Oxygen 

HgI + O2 ~ HgI02 

10.11.3 1,4-Benzoquinone 

HgJ + Q -+ HgJ+ + Q.-

10.11.4 Tetranitromethane 

HgI + C(N02)4 -'I> HgI+ + 
C(N02h - + °N02 

10.12 Mercury(1) thiocyanate 

10.12.1 Mercury(l) thiocyanate 

HgSCN + HgSCN -+ Hg2(SCNh 

10.12.2 Oxygen 

HgSCN + O2 ~ HgSCN02 

10.12.3 1,4·Benzoquinone 

HgSCN + Q ~ HgSCW + Q'-

10.12.4 Tetranitromethane 

HgSCN + C(N02)4 ~ HgSCW + 
C(N02)3 - + 'N02 

10.13 Thiocyanatomercury(l)peroxyl 
10.13.1 1,4-Benzoquinone 

HgSCN02 + Q -+ HgSCN+ + O2 + 
Q'-

2.4 X 109 

1.6 x 109 

3.5 x 109 

3.1 x 109 

2.5 X 109 

;::109 

>109 

l.4x 109 

3.0x 109 

;::109 

>109 

2.8 x 109 

pH I teC) Method Comment 

p.r. Estimated from initial decay of HgCN in the 
presence of 2-propanol. 

p.r. Estimated from initial decay of HgCN in the 
presence of tert-BuOH. 

p.r. P.b.k. in soln. contg. Hg(CNh. 

p.r. P.b.k. in soIn. contg. Hg{CN)2' 

p.r. P.h.k. in soln. contg. HgI2• 

p.r. P.h.k. in air-satd. soIn. contg. HgI2. 

p.r. P.b.k. in soln. contg-. HgI,3. 

p.r. P.b.k. in so1n.contg. Hg12• 

p.r. P.b.k. in soln. contg. Hg(SCNh. 

p.r. P.h.k. in air-satd. soln. contg. Hg(SCNh· 

p.r. P.h.k. in soln. contg. Hg(SCN)2' 

p.r. P.h.k. in soln. contg. Hg(SCNh. 

p.r. P.b.k. in air-satd. soln. contg. Hg(SCN)2' 

Ref. 

751203 

751203 

761042 

761042 

761042 

761042 

761042 

761042 

761042 

761042 

761042 

761042 

761042 



RATE CONSTANTS FOR TRANSIENT METALIONS"lNAQUEOUS SOLUTION 1155 

TABLE 11: Rate constants forilidium transients 

~·"Reaction '. t(OC)' Method Comment Ref. 

~:'j'~l·.· ·Indium atoms 

li.J.l,lridi.m.(I) ion 

'11l0,+:'~+ 41il2 + 

1t:2' . Indium(U} ion 
... ' ... - .' 

'il.2.1 IrttUlJDlaD i~D 
lri2:t+: In2+ .'~ In3+ + In + 

,U.l.2 ... " Hydroxyl 

In2+ + °DH'" In3+ + DH"': 

·h;l.3- Hydrugen pt:£uAhlt: 

. In2+~H2D2'~ 1n3+ + °DR -+ OIr . 

h.204·~Hydroxymethyl 

In2+ +oCH20H'" 

~ll.2.5, .. l~Hydroxy-l-methyletbyl 

1.3 X 109 

3.2 x 1010 

6.0 x 108 

6.8 

2.7-
4.3 

1.5-
3.5 

2.7-
3.3 

1.5-
2.2 

p.r. 

0.09 22 p.r. 

p.r. 

0.09 22 p.r. 

p.r. 

b12++ (CH3hCOH ~ CR3COCH3 -+H+ 9.>< 108 

+ In+ 
. 2.7-
4.3 

0.09 22 p.r . 

H~ Tetrakis(4~N-metbylpyridyl)porphineindium(DI) radicol anion 

J 1.3.1 '. Sulfur dioxide . 

[lnTMpypr4+ + SD2 ~ InTMpypS+ + 2 x 108 

S.o;""' 
p.r; 

. U.4 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatoindate(III) radical cation 

n.4.1S,10,lS,20;;Tetrakis(4~sulfonatopbenyl)porphiDatoindate(lll) radical cation 

[InTPPSr2- + [InTPPSr2- ~ 1.3 x 109 7 p.r. 

P.b.k. at 310 run in Ar-Satd; soln. contg. 89A492 
0.005 inol L...,.1 IoDC; kr"" 3 X 106 5-1• 

Product reported to disappear in second-
order reaction, k = 5 X 109 L maFI S-l, 

suggested to represent :mainlY fllnnation 
of Inl+. 

O.k. in He-satd. soln. contg. 0.05 mol 84AOO8 
L-1 2-PrOH. Value obtained by computer 
fit. 

O.k. in Ar-satd. soin. contg. (3-700) x 83A206 
10-5 mol L-1 In3+. 

D.k.'in He-satd .. soln;contg.0.05 mol 84AOO8 
L-1 2-PrOHandadded H2D2, At pH 4.3, 
k= 3 X 108 Lmor-1 s~1.Valueobtained . 
by computer fit. 

D.k. in Ar-satd. soln. contg. (0.2-2) x 
1O~'1 IUhIL-1 In'l· and 0.1 mol L-1 

MeDH. 

83A206 

O.k. in He-satd. soln. contg. 0.05.mol . 84AOO8 
L-1 2-PrOH. Value obtained by computer 
fit. 

O.k. at 700 run in Nrsatd. soln. oontg. 
NaHSD3• InTMpypS+ and 0.1 mol L-1 

HCl or HCl.o4' 

87A083 

O.k. at 700 run in N2D-satd. soln. contg. 86S115 
0.01 mol L-1 KBr. 
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TABLE 12. Rate constants for iridium transients 

No. Reaction pH t(°C) Method Comment Ref. 

12.1 Hexachloroiridate(llI) ion, electron adduct 

12.1.1 Hexachloroiridate(ln) ion, electron adduct 

Ir(II) + Ir(I1) -+ Ir(I) + Ir(III) 1.7 x 109 p.r. O.k. at 280 nm in Nrsatd. soln. contg. 3 731066 
x 1O~4 mol L- 1 IrC16

3 and 0.1 mol L 1 

2-PrOH. 

12.2 Bis(2,2'-bipyridine)([2,2'-bipyridin]-3-yl-C,N')iridium(D1) ion, conjugate acid, electron adduct 

12.2.1 Hydrogen ion 

Ir(bpYh(C3,N-HbPy)2+ + H+ -+ 
IrH(bpYh(cJ ,N-Hbpy)3+ 

12.2.2 Dibromine radical ion 

Ir(bpYh(C3,N-HbPy)2+ + Br2'--+ 
Ir(bPY)2(C3 N-Hbpy)3+ + 2 Br-

2.3 

2.5 X 1010 

0-1.7 p.r. 

1.0 p.r. 

12.3 Bis(2,Z'-bipyridinc)([l,Z'-bipyridin]-3-yl-C,N')iridium(Ill) ion, electron adduct 

12.3.1 Dibl'omine radical ion 

Ir(bpYh(C3,N-bPY)+ + Br2'- -+ 
Ir(bpYh(d ,N'-bpy)2+ + 2 Br-

-109 20 f.p.lrq 

12.3.2 Oxygen 

Ir(bPY)2(C3,N'-bpy)+ + 02 -+ 9.0x 108 1-6 p.r. 
Ir(bpyh(C3,N-bpy)2+ + H02/02-

12.3.3 1,4-Dimethoxybenzene radical cation 

Ir(bPY)2(d P-bpy)+ + 2.3 x lOP l.~- -+0 20 f.p.frq 
[1 ,4-C6H4(OCH3hr+ ~ 
Ir(bpYh(C3,N-bpy)2+ + 

6.3 

1.4-C6H4(OCH3h 

O.k. in soln. contg. 0.02-1 mol L-1 87A165 
HCI04, 1 mol L-1 2-PrOH and (6-30) x 
10-5 mol L-1 Ir(III) complex (pKa = 3.0). 

O.k. at 380 nrn in Ar-satd. soln .. contg. 85A160 
0.1 mol L-1 NaBr, 0.9 mol L-1 2-PrOH 
and 2 X 10-4 mol L -1 Ir(III) complex; 

pKa of reduced complex = 0.9. 

Estd. from d.k. in soln. contg. Ir(II1) 89A025 
complex. Br- and l,4-dimethoxybenzene 
(RQ); reaction in competition with 
disproportionation of Br2 '-. 

Reaction includes protonated fonn 85A160 
1r(bpyh(C3,N"-HbPy)2+. 

D.k. at 400, 420 and 460 nm in soln. 89A02~ 

contg. (3-5) x 10-5 mol L -1 Ir(III) 
complex and (1-6.4) x 10-3 mol L-1 1,4-
dimethoxybenzene (RQ). 

12.4 Bis(2,2'· bipyridine) ([2,2'-bipyridin]-3-yl-C,N')iridium(IV ) ion, conjugate monoacid * 
12.4.1 1,1'.DimethyI4,4'·bipyridinium radical cation 

Ir(bpYh(C3,N-Hbpy)4+ + MV'+ -+ 3.1 X 109 1.4 
Ir(bpYh(C3,N-Hbpy)3+ + MV2+ 

12.4.2 Chloride ion 

Ir(bpYh(C3,N-Hbpy)4+ + Cl- -+ 
Ir(bpYh(C3,N-Hbpy)3+ + cr 

12.5 Hexachloroiridate{lV) ion 

12.5.1 5-Hydroxyindole 

IrCli- + 5-HOInH -+ IrC16
3- + H+ + 

5-'OInH 

1.4 

3.8 X 106 3 

20 f.pJoq 

0.2 20 f.pJoq 

f.p.lpi 

D.k. at various wavelengths in soln. 86A057 
contg. 5 x 10-5 mol L-1 [lr(Hbpy-
C3,N'){bPY)2J3+ and 0.07 mol L-1 MV2+ 
(OQ). 

;It is not known whether [Ir(Hbpy-
C3,N}(bPYh]4+ has been oxidized at the 
metal or ligand. 

P.b.k. at 350 nm (ct" + cr -+ Cl2'-) in 86A057 
801ft contg. 5 x 10-5 mol L -1 [Ir{Hbpy-
c3,N')(bpYh]3+, 0.04 mol L -1 s2ol-
(OQ) and (i.(i x 10-4 mol L-1 chloride 

ion. 

P.b.k. in Ar-satd. soln. contg. (2-3) x 90C007 
10-3 mol L-1 IrCI6

3-, 0.1 mol L-1 2- . 
chloroethanol and 0-10) x 10-4 mol L 1 

5-hydroxyindole; also used 5-HO-
tryptamine, S-RO-tryptophan or 5-RO
indole-3-acetic acid. 
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TABLE 13. Rate constants for manganese transients 

Reaction pH I teC) Method Comment 

t~, 1 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porpbinatomanganate(ll) radical anion 

t l,l.1 5,10,15,20. Tetrakis( 4-sulfonatophenyl)porphinatomanganate(D) radical anion 

{MnTPPSr5- + [MnTPPSr5- -+ 3.9 x 107 6.8 p.r. O.k. at 770. nm in NzO-satd. soln. contg. 
0..1 mol L-1 2-PrOH and MnTPPS4-. 

ll,2 5,1 0,15,20-Tetrakis(l-methylpyridinium-4-yl)porpbinatomanganese(ll) radical anion 

t;\ .2.1 5,10,15,20-Tetrakis(l-methylpyridinium-4-yl)porphinatomanganese(D) radical anion 

lMnTMpypr3+ + [MnTMpypr3+ -+ 3.7 x 10.7 6.8 p.r. 

• ,\ ,:~ 5,10,15,20-Tetrakis( 4-sulfonatopbenyl)porpbinatomanganate(ll) ion 

'33.1 Hydrogen ion 

MnTPPS4- + H+ -+ MnTPPSH3- 1.0. x 106 1.2- 0..1 p.r. 
1.7 

1:'.3.2 Oxygen 

MnTPPS4- + O2 -+ [MnTPPS-Oz]4- 1.5 x IDS 8.5 0..0.5 18 s.f. 

t ;t4 5,10.15,20-Tetrakis(1-methylpyridinium-4-yl)porpbinatomanganese(ID ion 

13.4.1 Hydrogen ion 

MnTMpyp4+ + 2 H+ -+ Mn2+ + 4.7 x 10.4 L2 0.-1 1.0. p.r. 
H2TMpyp4+ mor2 s-1 

13.4.2 Oxygen 

MnTMpyp4+ + 0z -+ [MnTMpyP-Oz]4+ 1.6 x 105 p.r. 

1.2 x 105 8.5 0..0.5 18 s.f. 

13.5 5,10,15,20-Tetrakis( 4-pyridyl)porphinatomanganese(ll) 

13.5.1 Hydrogen ion 

MnTpyP + 2 H+ -+ Mn2+ + Hz TpyP 5 X 104 L2 morz 0.-1 1.0. p.r. 
s-1 

13.5.2 Oxygen 

MnTpyP + O2 -+ [MnTpyP-02] 5 x IOz 8.5 0..0.5 18 s.f. 

O.k. at 770. nm in NzO~satd. soln. contg. 
0..1 mol L-1 2-PrOH and MnTMpyp4+ . 

O.k. and p.b.k. in NzO-satd. soln. contg. 
MnTPPS3-. 0..1 mol L-1 2-PrOH and 0..0.2-
0..06 mol L-1 H+; at{H1 ~O.Dl mol L-1.k 
- 3.3 x 107 L2 mor2 s-l. 

Soln. contg. _10.-6_10-5 mol L-l 

MnTPPS4- and (5-200) x 10-5 mol L-1 02' 

D.k. and p.b.k. in NzO-satd. soln.contg. 
MnTMpyp5+, 0..1 mol L -12-PrOH and 
0..1-1.0. mol L-1 HCI04 • 

Soln.contg. _10-6_10-5 mol L-l 

MnTMpyp4+ and (5-200) x 10-5 mol L-1 

Oz· 

D.k. and p.b.k. in NzO-satd. soln. contg. 
MnTpyP+,D.1 mol L-1 2-PrOH and 0..1-1.0. 
mol L-1 HCI04. 

Soln. contg. varied [Oz]. 

13.6 5,10,15,20-Tetrakis[ 4· (N,N,N-trimethylammonio )phenyl]porphinatomanganese(ll) ion 

13.6.1 Oxygen 

MnTAPp4+ + Oz -+ [MnTAPP-Oz]4+ 1.6 x lOs p.r. 

13. 7 a,(l,(l,~-Tetrakis[Z-(N-methylisonicotinamido )phenyl]porphinatomanganese(ll) ion 

13.7.1 Oxygen 

13.8 5,10,15,20-Tetrakis( 4-carboxyphenyl)porphinatomanganate(ll) ion 

13.8.1 Oxygen 

p.r. 

MnTCPp4- + 0z -+ [MnTCPP-02]4- 8.5 0..0.5 18 s.f. Soln. contg. varied [Oz]. 

1157 

Ref. 

84A12D 

84A12D 

84A19D 

8DRlOS 

84Al9D 

86A313 

8DRlD5 

84A19D 

8DRlDS 

86A313 

86A313 

8DRIo.5 
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TABLE 13. Rate constants for manganese transients - Continued 

No. pH Method Comment Ref. 

13.9 Nitrilotriacetatomanganate(1I) ion, H-abstraction product 

13.9.1 First-order reaction 

Mn[NTA-Hr -+ 4-9 p.r. 

13.10 Ethylenediaminetetraacetatomanganate(II) ion, H-abstraction product 

13.10.1 First-order reaction 

Mn[EDTA-H]2- -+ 4-9 p.r. 

13.11 Manganese(llI) ion 
n.ll.l Thionjne spmjquinone. conjugate monoacid 

Mn3+ + [ThHr+ -+ Mn2+ + Th+ + H+ 3.5 X 109 2.5 0.2 f.p.loq 

13.12 Hydroxymanganese{lll) ion 

13.12.1 Zinc(I) ion 

MnOH2+ + Zn+ .-..+ Mn2+ + Zn2+ + OH- 2.4 x 109 -6 23 p.r. 

13.13 Peroxidomanganese(llI)· ion 

13.13.1 First-order reaction 

Mn02+'-"+ Mn2+ + O2'- 2.7 X 103 s-1 6.7 0.01 24 p.r. 
6.1 x 103 s-1 6.7 0.5 24 

13.14 Peroxidomanganese(llI) formate 

13.14.1 Ascorbate ion 

Mn02+-formate + AH-.-..+ 3.5 X 105 7.4 23.5 s.f. 
MnOz-formate + . A - + H+ 

13.15 Hydroperoxidomanganese(llI) formate complex 

13.15.1 First-order reaction 

MnOzHz+ -formate .-..+ Mn(III)-formate 79 s-1 25 p.r. 
+ HOz-

13.15.2 tert-Butylhydroquinone 

MnOzHZ+ -formate + 2.2 x 104 0.9 23 phot., 
(CH3hCC6H3-1,4-(OHh -+ s.f. 

13.15.3 1,2-Benzenediol 

MnOzH2+-formate + 1,2-C6H4(OHh .-..+ 2.6 X 104 0.9 23 phot., 
d. 

D.k. in N20-satd. soln. contg. MnNTA -; 78A436 
followed by second-order reaction, k = 2.9 
X 107 L mol-1 s-1 at pH 4.5-5.5. 

O.k. in N20-satd. soln. contg. MnEOTA2-; 78A436 
followed by pH-dependent (pH 3-10) 
second-order reaction. 

D.k. of semithionine in soln. contg. Mn2+ 777315 
and thionine (OQ). 

D.k. at 310 nm in soln. contg. 0.02 mol L-1 78A041 
Mn504 and 0.03 mol L -1 2n504. Value 
obtained from computer fit. 

Caled. from equilibration obs. at 254 and 761109 
275 nm in Oz-satd. soln. contg. 4.0 x 10-5 

mol L-l Mn2+ and 0.01 mol L-1 formate; kr 

= 1.1 X 108 L mol L-1 S-I. In the presence 
of 0.5 mol L-1 formate, k = 2.2 X 103 S-I; 

species present as MnOz +-formate. 
Measurements reported in [SJlA3SJI] 

indicate that Mn02 + -formate disappeared 
by a first-order process with k = 5 s-I. 

P.b.k. in N20-satd. soln. contg. ascorbate, 85Z381 
formate, 02 and Mn2+. 

P.b.k. in 02-satd. soln. contg. 0.5 mol L-1 84AI89 
formate and varied [Mnz+]. 

O.k. in soln. contg. 0.1-0.2 mol L-1 83A382 
Mn(CI04}z, 0.25 mol L-1 formate, HCI04 

and (1.4-5.8) x 10-4 mol L-1 tert-
butylhydroquinone. 

D.k. in soln. contg. 0.1-0.2 mol L-1 83A382 

Mn(CI04h, 0.25 mol L-1 formate, HCI04 

and (1-4) x 10-4 mol L-1 1,2-benzenediol 
(most likely complexed with Mn2+). 
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TABLE 13. Rate constants for manganese transients - Continued 

~~.)~====================================================================================== 
tf.fj, Reaction k(Lmor1 8'-1) pH I 

t';:'5 Hydroperoxidomanganese(III) formate complex - Continued 

13.15.4 l,3-Benzenediol 

Mn02H2+ -formate + 1,3-C6H4(OHh -+ 5.2 x 104 0.9 

t:tl6 Peroxidomanganese(III)-manganeselID formate complex 

13.16.1 First-order reaction 

(MnOOHMn4+)-formate -+ 

J~1;J.7 Manganese{1D) phosphate complex 

13.17.1 Ascorbate ion 

Mn(I1I)-phosphate + AIr -+ 
Mn(II)-phosphate + • A - + H+ 

1-
1.3 

4.7 

'3.17.2 6-Hydroxy-l,5,7,8-tetrametbylchroman-2-carboxylate ion 

Mn(Ill)-pho:sphate -1'TxOIr • 
Mn(II)-phosphate + HTxO' 

U.18 hcuxiduUlallgane~{ID) pho"phate cumplex 

13;18.1 First-order reaction 

Mn02 + -phosphate -+ 

13.18.2 tert·Butylhydroquinone 

Mn02 + -phosphate + 
(CH3hCC6H3-1,4-(OH)2 -+ 

13,18.3 l:2.Bem:enediol 

8.7 X 103 

4.6 

3.5-
5.3 

5-7 

MnOt-phosphate + l,2-C6H4(OHh -+ 6.7 x lOs 5-7 

13.18.4 6.Hydroxy-Z,;3,7,8-tetrametbylcbroman-Z.cariloxylate ion 

Mn02+-phosphate + TxOJr -+ 1.1 x lOs 5.0-
Mn02-phosphate + HThO' 5.6 

13.18.5 Nicotinamide adenine dinucleotide, reduced 

Mn02 +-phosphate + NADH -+ -1 x 102 5-7 

13.18.6 Nicotinamide-adenine dinucleotide phospbate, reduced 

Mn02 +-phosphate + NADPH -+ -1 x 102 5-7 

13.18.7 1,3-Benzenediol 

Mn02 +-phosphate + 1,3-C6H4(OHh -+ 67 

13.19 Manganese(1D) pyrophosphate complex 

13.19.1 Ascorbate ion 

Mn(III)-pyrophosphate + AIr -+ 
Mn(lI)-pyrophosphate + • A - + H+ 

1.4 X 104 7.0 

teC) Method Comment Ref. 

23 phot., 
s.f. 

25 p.r. 

23.5 p.r. 

p.r. 

p.r. 

23 phot., 
s.f. 

23 phot., 
s.f. 

p.r. 

23 phot., 
s.f. 

23 phot., 
s.f. 

23 phot., 
s.f. 

23.5 p.r. 

D.k. in soln. contg. 0.1-0.2 mol L-1 83A382 
Mn(CI04b 0.25 mol L-1 formate, HCIO.1 
and (0.5-2.0) x 10-3 mol L-1 1,3-
benzenediol. 

P.h.k. in Oz-satd. soln. contg. 0.5 mol L -1 84A189 
formate and varied [Mn2+]. 

NzO-satd. soln. Reactant includes -20% 
ascorbic acid (pKa = 4.1). 

85Z381 

D.k:. <md p.b.k. in NZO-:satd. soin. contg. 86A492 
0.2 mol L-1 phosphate, 0.1 mol L -1 MnS04 
and (0.35-1.75) x 10-4 mol L-1 TxOIr. 

P.h.k. in Oz-satd. soln. contg. 0.5 mol L -I 84A384 
phosphate, 0.005 mol L-1 fonnate and 
0.005 mol L-1 MnS04• Reaction suggested 
to generate Mn(III)-phosphate and H20 2; k 
invariant in the pH range 3.5-5.3. 

D.k. in soln. contg. 5 x 10-4 mol L-1 83A382 
MnS04 and 0.5 mol L-1 phosphate. 

D.k. in soln. contg. 5 x 10-4 mol L-1 83A382 
MnS04 and 0.5 mol L-1 phosphate. 

D.k. and p.b.k. in Oz-satd. soln. contg. 0.2 
mol L-1 phosphate, 0.05 mol L-1 fonnate, 

86A492 

5 x 10-6 mol L-1 MnS04 and (0.68-2.65) x 
10-4 mol L-1 TxOIr. 

D.k. in soln. contg. 5 x 10-4 mol L-1 83A382 
MnS04 and 0.5 mol L-1 phosphate. 

D.k. in soln. contg. 5 x 10-4 mol L-1 83A382 
MnS04 and 0.5 mol L -1 phosphate. 

D.k. in soln. contg. 5 x 10-4 mol L-1 83A382 
MnS04 and 0.5 mol L-1 phosphate. 

N20-satd. soln. 852381 
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TABLE 13. Rate constants for manganese transients - Continued 

No. Reaction 

13.20 Manganp.~p.(1T1) ~111fatp. ('omplp.y 

13.20.1 Ascorbate ion 

Mn(III)-sulfate + AIr -+ Mn(II)-sulfate 1.8 x 106 

+·A-+H+ 

pH 

5.6 

13.20.2 Nicotinamide-adenine dinucleotide phosphate, reduced 

Mn(III)-sulfate + NADPH -+ 3.1 x 106 5.4 
Mn(II)-sulfate + NADP + H+ 

13.21 Peroxidomanganese(Ill) sulfate complex 

13.21.1 Superoxide radical anion 

teC) Method Comment 

23.5 p.r. N20-satd. soln. 

23.5 p.r. N20-satd. soln. 

Ref. 

85Z381 

85Z381 

Mn02T-sulfate + O2'- + 2 Hi"-+ 
Mn(II)-sulfate + O2 + H20 2 

3.3 X 107 6 p.r. Calcd. from d.k. in Orsatd. soln. contg. 84A384 

13.22 Hydroperoxidomanganese(Ill) sulfate complex 

13.22.1 First-order reaction 

Mn02H2+-suIfate -+ Mn(III)-sulfate + 13 s-1 
H02-

25 p.r. 

13.23 Peroxidomanganese(Ill)-manganese(m sulfate complex 

13.23.1 First-order rellction 

(MnOOHMn4+)-sulfate -+ 

13.24 Dibromomanganese(1D) ion 

13.24.1 First-order reaction 

MnBr2 + -+ Mn3+ + 2 Br-

13.25 Chloromanganese(lll) ion 

1-
1.3 

25 p.r. 

0.25 25 f.p. 

13.25.1 2,3,9,1 0-Tetramethyl-l,4,8,II-tetraazacyclotetradeca-l,3,8,1 O-tetraenecobalt(lI) ion 

(0.1-2) x 10-3 mol L -1 Mn2+, 0.5 mol L-1 

Na2S04 and 0.005 mol L -1 fonnate. 

P.b.k. in Orsatd. soln. contg. 0.5 mol L-1 84A189 
sulfate, and varied [fonnate] and [Mn2+]. 

P.b.k. in Orsatd. soln. contg. 0.5 mol L-1 84A189 
sulfate, and varied [fonnate) and [Mn2+J. 

D.k. of Br2·- in soln. contg. 0.1 mol L-1 737317 
Br- and 0-20) x 10-3 mol L-1 Mn2+; value 
of k obtained from the intercept of plot of 
(kobsrl vs [Mn2+rl. 

MnC12+ + Co(Me4tetraeneN4)2+ -+ 2.4 x 107 0 25 f.p. D.k. at 540 nm in soln. contg. _10-2 mol 
. Mn'4- T Co(Mt:4tt:lraent:N4)Cl?4- L-1 Mu24- and 111101 L-1 Hel. 

79A016 

13.25.2 N-rac-5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,ll-dienecobalt(ll) ion 

MnCI2+ + N-rac-Co(4,II-dieneN4)2+ -+ 5.3 x 106 0 25 f.p. D.k. at 340 nm in soln. contg. _10-2 mol 
Mn2+ + Co(4,1l-dieneN4)CI2+ L -1 Mn2+ and 1 mol L-1 HCI. 

79A016 

13.26 Dichloromanganese(Ill) ion 

13.26.1 First-order reaction 

MnC12 + -+ Mn3+ + 2 Cl-

13.27 Peroxido( ethylenediaminediacetato )manganate(llI) ion 

13.27.1 Water 

0.2 

MnEDDA(02r + 2 H20 -+ 

MnEDDA(OHh - + H20 2 

6.3 0.1 
7.1 

25 f.p. 

p.r. 

D.k. ofCI2·- in soln. contg. 0.1 mol L-1 737317 
Cl- and 0-20) x 10-3 mol L-1 Mn2+; value 
of k obtained from the intercept of plot of 
(kvl>~rl Vl: [Mn2+] 

D.k. in Oz-satd. soln. contg. MnEDDA and 90Al16 
0.01 mol L -1 fonnate; product reacts with 
02·- to give MnEDDA(OH}z(02)- which 
decays by first-order reaction. k:: 55 s-l. 
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TABLE 13. Rate constants for manganese transients - Continued 

No Reaction 

1,\,28 Aqua(methyl)nitrilotriacetatomanganate(Ill) ion 

';\.28.1 First-order reaction 

pH I teC) Method Comment 

1161 

Ref. 

CH3MnNTA(H20r ,-+ MnNTA(H20r 1.2 x 105s-1 6 p.r. D.k. in N20-satd. soln. contg. 0.002-0.006 88A426 
~'CH3 mol L-1 NTA, (0.5-5,0) x 10-3 mol L -I 

MnS04 and 0.1-0.5 mol L -I DMSO; kr= 
1.5 X 108 L morl s-I. 

J ~\'28.2 Methyl 

CH3MnNTA(H20r + 'CH3 ,-+ 

MnNTA(H20)- + C2~ 
6 p.r. Calcd. from concn. dependence of d.k. in 88A426 

1:l.29 Bromo[5,lO,15,20-tetrakis(4-sulfonatophenyl)porphinatomanganate(Ill) ion 

13.29.1 Water 

N20-satd. soln. contg. 0.002-0.006 mol L-1 

NTA, (0.5-5.0) x 10-3 m01 L -I MnS04 and 
0.1-0.5 mol L-1 DMSO. 

[BrMnTPPS]4- + H20 ,-+ 

(H20)MnTPPS3- + Br-

4 X 103 S-1 

9 X 103s':""l 

6.8 
12.9 

p.r. D.k. in N20-satd. soln. contg. 0.1 mol L -1 84A120 
KBr and MnTPPS4-. 

• :L30 2-Hydroxy-2~-dimethylethylt~tr9.kis(4-sulfon9.toph~nyl)porphin9tom9ng9nat~(ill) ion 

13.30.1 Water 

HOC(CH3}zCH2MnTPPS4- + H20 ,-+ 

MnTPPS3- + tert-BuOH + OIr 
6.8 p.r. D.k. in N20-satd. soln. contg. 0.1 mol L-1 84A120 

tert-BuOH and MnTPPS4-. 

13.31 Bromo[5,lO,15,20-tetrakis(l-methylpyridinium-4-yl)porphinatomanganate(llI) ion 

13.31.1 Water 

[BrMnTMpyp]4+ + H20 ,-+ 

(H20)MnTMpypS+ + Br-
6xl04 s-1 

1.5 x 105 s-I 
6.8 
12.9 

p.r. O.k. in N20-satd. soln. contg. 0.1 mol L-J 84A120 
KBr and MnTMpyp4+. 

2 J.32 2-Hydroxy-2,2-dimetbyletbyJ[ S,lO,lS,20-tetrakis(l-methylpyridinium-4-yJ)porphinatomanganate(Ill) ion 

13.32.1 Water 

HOC(CH3}zCH2MnTMpyp4+ + H20'-+ -7 X 103 s-I 
MnTMpypS+ + tert-BuOH + OIr 

6.8 p.r. D.k. in N20-satd. soln. contg. 0.1 mol L-1 84A120 

t 333 Dichlorohydroxy(l,4,7 ,11-tetraazacyciotetradecane)manganese(IV) ion 

13.33.1 First-order reaction 

[HOMn(cyclam)CI2t ,-+ p.r. 

tert-BuOH and MnTMpyp4+. 

D.k. in N20-satd. soln. contg. 
Mn(cyclam)CI2 +; reaction suggested to 
represent loss of ligand. 

1334 Dichloro-meso-5,7,7,12,14,14-hexamethyl-l,4,8,11-tetraazacyciotetradecane(hydroxy)manganese(lV) ion 

) 3.34.1 First-order reaction 

p.r. D.k. in N20-satd. soln. contg. meso
Mn(aneN4)CI2 +; reaction suggested to 

represent loss of ligand. 

t 3.35 Dichloro-rac-5,7,7 ,12,14,14-hexamethyl-l,4,8,11-tetraazacycIotetradecane(hydroxy )manganese(IV) ion 

J 3.35.1 First-order reaction 

[HO-rac-Mn(aneN4)CI2]+ -+-

J 3.36 Manganese(V) 

13.36.1 Manganate(VI) ion 

Mn(V) + Mn042- ,-+ Mn(IV) + Mn04 - <4 X 104 13 0.1 

p.r. 

22 p.r. 

O.k. in N20-satd. soln. contg. rac
Mn(aneN4)C12 +; reaction suggested to 
rcprcsclllioss of lig'1Ud. 

Estd. from abs. changes in Ar-satd. soln. 
contg. MnOl- and 0.1 mol L-1 OIr. 

87A488 

87A488 

87A488 

8lA057 
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TABLE 14. Rate constants for molybdenum transients 

No. Reaction 

14.1 1S·Molybdodiphosphate ion(7-), conjugate acid 

14.1.1 IS-Molybdodiphosphate ion(7-), conjugate acid 

pH I teC) Method Comment Ref. 

HP2MolS0626- + HP2Mo180 626- -+ 

P2MolS0626- + H2P2MolS0626-
2 22 p.r. P.b.k. at 750 run in NaO-satd. soln. contg. 82A1(),; 

_10-4 mol L-1 PaMOls0626- and 0.5 mol 
L -1 alcohol. 

14.2 Bis(J.L-oxo)( ethylenediaminetetraacetato )bis[ oxomolybdate(IV) (V) ] ion 

14.2.1 Oxygen 

[Mo20 4(EDTA)]3- + O2 -+ -2 X lOs 25 p.r. D.k. in soln. contg. (0.2-2.0) x 10-4 mol 85A36: 
L-1 Mo20iEDTA)2-, 0.1 mol L-1 1-BuOH 
and (1-5) x 10 6 mol L-1 02; concn. of 
transient -1 x 10-5 mol L-1• 

14.3 Bis(J.L-oxo) bis[ aquae oxalato )oxomolybdate(IV)(V) ion 

. 14.3.1 Oxygen 

[Mol04(oxh(H10h]3- + O2 -+ -1 X lOs 25 p.r. D.k. in soln. contg. (0.2-2.0) x 10-4 mol 85A36: 
L-1 Mo10iox)(H20h2-, 0.1 mol L-1 l-
BuOH and (1-5) x 10-6 mol L-1 O2; concn. 
of transient -1 x 10-5 mol L -I. 

14.4 Octacyanomolybdate(V) ion 

14.4.1 lO·Methylphenothiazine 

Mo(CN)S3- + MPTH -+ Mo(CN)84- + 9.6x 107 22 p.r. D.k. at 520 run in N20-satd. soln. contg. 83NOO: 
[MPTH]'+ 0.17 mol L-lEtOH. 2 x 10-4 mol L-1 

Mu(CN)g4.., 1 x 10-'1 mol L-1 MPTH.0.I0 
mol L -1 HCI04 and 0.2 mol L -1 NaBr; kr: = 
3.3 X 107 L mol-I s-1 

14.5 cis-Octaaqua- J.L-oxo .. bis( oxo)dimolybdenum(1V) ion 

14.5.1 First-order reaction 

cis-Mo20 3(H20)Sl+ -+ 2.4 X 104 s-1 0.7 0.5 f.p. D.k. in deaerated soIn. (satd. with 89A42 
rrans-Mu203(H20)S , ... ethylene) c;ontg. 0.2 mol L -1 I1CI04 and 

7.5 X 10-5 mol L -I Mo2OiH2O)62+. 

14.6 Hexaaquadi"J.L-oxodioxodimolybdenum(V,VI) ion 

14.6.1 First-order reaction 

M020 4(OH2)63+ -+ 2.9 X 103 s-1 2 0.5 p.r. D.k. at 290 nm in N20-satd. soln. contg. 89A42 
0.01 mol L -1 HCI04 and 7.5 x 10-5 mol 
L-1 M020 4(H2O)62+. 
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TABLE 15. Rate constants for nickel transients 

~~~,:~~ , 

;~\. Reaction k (L motl S-I) pH WC) Method Comment Ref. 

.~. if'.,:::::LL'-"'=· 

'~,l Nicke)(1) ion 

. \JiLl Hydroxyl 

Ni+ + 'OH -+ Ni2+ + OH- 2x lOw p.r. O.k. at 300 nm in Ar-satd. soln. contg. 
10-4 mol L -I NiS04; value obtained by 

741037 

computer fit assuming 2kCOH + 'OH) = 
I x 1010 L morl 5-1• 

15;1.2 Hydroxymethyl 

Ni+ + 'CHzOH -+ NiCH2OH+ 4.2 X 109 p.r. O.k. at 300 nm, p.b.k. at 250 nm and 741037 
condy. change in Ar-satd. soln. contg. 
10-4 mol L- I NiS04 and 0.1 mol L-I 

MeOH; value obtained by computer fit. 

&5.1.3 Carbon dioxide radical anion 

Ni+ + 'C02- -+ NiC02 6.6 X 109 p.r. O.k. at 300 nm, p.b.k. at 250 nm and 741037 
condy. change in Ar-satd. soln. contg. 5 
x 10-5 mol L -I NiS04 and 5 x 10-5 mol 
L-I fonnate ion; value obtained by 
computer fit; product suggested to 
undergo protonation. 

)5.1.4 I·Hydroxyethyl 

Ni+ + CH3CHOH -+ NiCHOHCHJ + 2.3 X 109 p.r. O.k. at 300 nm, p_b.k. at 250 nm and 741037 
condy. change in Ar-satd. soln. contg. 
10-4 mol L-1 NiS04 and EtOH; value 
obtained by computer fit. 

15.1.5 1-Hydroxy-l-methylethyl 

Ni+ + (CH3hCOH -+ NiCOH(CHJh + 1.4 x 109 p.r. O.k. at 300 nm, p.b.k. at 250 nm and 741037 
condy. change in Ar-satd. soln. contg. 
10-4 mol L-1 NiS04 and 2-PrOH; value 
obtained by computer fit. 

1.5.1.6 2-Hydroxy-2,2-dimethylc:thyl 

Ni+ + 'CH2C(CH3hOH -+ Niz+ + OH- 3 x 109 p.r. D.k. at 300 nm, p.b.k. at 250 nm and 741037 
+ CH2=C(CH3h condy. change in Ar-satd. soln. contg. 

10-4 mol L-I NiS04 and 0.5 mol L-1 

tert-BuOH; value obtained by computer 
fit. 

15.1.7 Cydopentyl 

1-n+ , c-C5H!J --->- c-C5H9Ni+ 2.8 x 109 p.l. D.k.. at 300 nm, p.b.k. at 2'0 nm and 141031 
condy. change in Ar-satd. so)n. contg. 
10-4 mol L-1 NiS04 and cyc1opentane; 
value obtained by computer fit. 

. J5.1.8 Hromateion 

Ni+ + BrOJ- -+ :::;8.4 x \06 0.08 p.r. O.k. at 313 nm in Ar-satd. soln. contg. 
0.02 mol L-I NiS04, 0.001 mol L-I 

68G855 

MeOH and (2.5-5) x 10-3 mol L-1 

Br03-· 

15.1.9 Tris(ethylenediamine)cobalt(lII) ion 

Ni++ Co(en)/+ -+ :::;5 x 106 5-6 0.08 p.r. O.k. at 310 nm in Ar-satd. soln. contg. 
0.02 mol L- I NiS04 and 0.001 mol L-I 

690428 

MeOH. 

IS.l.10 cis.Dichlorobis(ethylenediamine)cobalt(llI) ion 

Ni+ -r ci.l-CO(CllhCI2 + ....,.. 5.9 lIZ IO~ 5-6 0.08 p.r. O.k. at 3~U nm in Ar-satd. soln. contg. 690428 
0.02mo) L-1 NiS04 and 0.001 mol L-I 

MeOH. 

15.1.11 trans.Dichlorobis(ethylenediamine)cobalt(lII) ion 

Ni+ + trans-Co(enhCI2 + -+ 8.3 x lOx 5-6 0.08 p.r. O.k. at 350 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-I 

MeOH . 

. 1 Phv~ r.hp.m. Rp.f. n~t~. Vnt ?4. No. ~_ 1QQ5 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction k (L morl s-lj pH t(°C) Method Comment Ref. 

15.1 Nickel(1) ion - Continued 

15.1.12 Carbonatobis( ethylenediamine)cobalt(lII) ion 

Ni+ + Co(enhC03 + --l- :55 X 106 5-6 0.08 p.r. D.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-I NiS04 and 0.001 mol L-1 

Mt;OH. 

15.1.13 cis-Bis( ethylenediamine )dilluorocobaJt(ID) ion 

Ni+ + cis-Co(enhP2 + ~ :55 X 106 5-6 0.08 p.r. D .k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.14 Aquabis( ethylenediamine)lIuorocobalt(III) ion 

Ni+ + Co(en)z(H20)p2+ ~ :55 x 106 5-6 0.08 p.r. D.k. at 310 run in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.15 cis-Amminechlorobis(ethylenediamine)cobalt(III) ion 

Ni-t- + Cis-CO(en)z(NH3)CI2-t- ~ 4.7 x lOs 5-6 0.08 p.r. D.k. at 310 run in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.16 cis-Nitroamminebis(ethylenediamine)cobalt(lII) ion 

Ni+ + cis-Co(en)z(NH3)N02 2+ ~ 3.3 X 108 5-6 0.08 p.r. D.k. at 350 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.17 Hexaamminecobalt(III) ion 

Ni+ + Co(NH3)i+ ~ :55 X 106 5-6 0.08 p.r. D.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L -1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.18 Pentaammine(bromo )cobaJt(III) ioo 

Ni+ + Co(NH3)sB~+ ~ 1.1 x 109 4.0 0.08 p.r. D.k. at 310 om in Ar-satd. soln. contg. 690428 
0.02 mol L-I NiS04 and 0.001 mol L-1 

MeOH. 

15.1.19 Pentaammioe( chloro )cobaJt(III) ioo 

Ni+ + Co(NH3hCI2+ ~ 6.5 X 108 5-6 0.08 p.r. D.k. at 310 om in Ar-satd. soln. contg. 
0.02 mol L-1 NlS04 and 0.001 mol L-1 

690428 

MeOH. 

15.1.20 Peotaammioe( cyaoo )cobalt(lII) ioo 

Ni+ + Co(NH3)s(CN)2+ --l- 3.3 X 108 5-6 0.08 p.r. D.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.21 Peotaammine(lIuoro )cobalt(lII) ioo 

Ni+ + Co(NH3)sP2+ ~ :55 X 106 5-6 0.08 p.r. D.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.22 Pentaantmine(aqua)cobalt(ID) ion 

Ni+ + Co(NH3)S(H20)3+ --l- :55 X 106 4.0 0.08 p.r. D.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.23 Pentaammine(hydroxy)cobaJt(III) ion 

Ni+ + Co(NH3)sOH2+ ~ 1.3 X 107 7.6 0.08 p.r. D.k. at 310 nmin Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.24 Pentaammine(azido)cobalt(lm ioo 

Ni+ + Co(NH3)s(N3)2+ ~ 5.8 X 108 5-6 0.08 p.r. D.k. at 350 om in Ar-satd' soln. contg. 690428 
0,02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 



RATE CONSTANTS FOR TRANSIENT METALION'$ IN AQUEOUS SOLUTION 1165 

TABLE 15 . Rate constants· for nickel transiC?nts -. Continued 

~:i~!Reaction k (Lmol-1 S-I) • pH t(°C) Method Comment Ref. 

;~ 

'~j1·i.Nickel(D ion - Continued 

·'·>le~:t.2s .....• Pentaammilie(thiocyanato-N)cobalt(lll) ion 

.:Ni++,9>(NH3)5(NCsi+ -+ 4.1 x 108 5-6 0.08 p.r. O.k. at 350 nm in Ar-satd. soln. contg. 
0.02 mol L -1 NiS04 and 0.001 mol L-1 

690428 

MeOH. 

1~.t.26 ·······(A.:cetato )pentaamminecobalt(lll) ion 

:Ni+ +Co(Nl.l3)5(()Ac)2+-+ ~x106 5-6 0.08 p.r. O.k. at 310 nm in Ar-satd. soln. contg. 690428 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH . 
.: " " 

15.1~27.·· ~-5~PyrimidinecarbOxylatobis[hydroxotris(ammine)cobalt(lII)] ion 

Ni++5.,pmC02[Co(NH3hh(OHh3+ -+ $1 x 107 4.0 22 p.r. O.k. in Ar:..satd; soln. contg. 0.01 mol 
L-1 NiS04 and 0.1 mol L-1 tert-BuOH. 

82AI46 

'15.1.28- .... ~-4-Pyrimidinecarboxylatobis[hydroxotris(ammine)cobalt(DI)] ion 

Ni++4~pmCO,[Co(NH~)~J,(OH)? 3+ -+ 2.7 X 108 4.0 22 p.r~ D.k. in Ar-satd. soln. contg. 0.01 mol 82AI46 
~ ~: 

L- l NiS04 and 0.1 mol L",:,l tert-BuOH. 

e 1!~la9 Copper(ll) ion 

Ni++Cu2+ -+ SZ.4 X 107 0.08 p.r. O.k. at 313 nm in Ar-satd. soln. contg. 
0.0'2 rnoJ L 1 NiSU4 and U.WI molL-1 

68G855 

MeOH . 

. Hi130 Hydrogen peroXide 

"~Ni+ + Hi0 2 -+ Ni2+ + 'OH + OW 3.2x 107 25 p.r. 761072 

5 x 107 p.r. D.k. at 300 nm and condy. change in 741037 
Ar-satd. soln. contg. 1 x 10-4 mol L-1 

NiS04; v,alue obtained from computer 
fit assuming 2kCOH + ·OH) = 1 x 1010 
Lmol-1 S-I. 

4.3 x 107 0.08 p.r. D.k. at 313 nm in Ar-satd. soln. contg. 68G855 
0.02 mol L-1 NiS04 and 0.001 molL-:1 

MeOH. 

15~ljl Hydrogen ion 

Ni++W-+ $106 0.08 p.r. D.k. at 313 run in Ar-satd. soln. contg. 68G855 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.32 Jodalf In 

Nit + 103' ~ 2.2 X 108 0.08 p.r. D.k. at 313 run in Ar-satd.soln. contg. 
0.02 mol L-1 NiS04 andO.OOl mol L-1 

68G855 

MeOH. 
15~1.33 Pel Inganate ion 

Ni++Mn04-~ 7.2x 109 20 p.r. O.k. at 545 nm in Ar-satd. or deaerated 650385 
soln. contg. 10-5 mol L-1 Mn04- and 
(0.2,0.75 or 1.45) x 10-3 mol L -1 Ni2+. 

lS~l.34 Nitrite ion 

Ni++NOz--+ 1.5 X 108 0.08 p.r. D.k. at 313 nm in Ar-satd. soln. contg. 68G855 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 
15.1;35 Nitrate ion 

Ni++N03- -+ $104 X 106 0.08 p.r. D.k. at 313 nm in Ar-satd. soln. contg. 68G855 
0.02 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.36 Nitrous oxide 

Ni+ +N20 -+ NiO+ + N2 9.1 X 106 25 p.r. D.k. in N20-satd.soln. contg. 0.5 mol 761072 
L-1 NiS04; studied at I-30°C, Ea = 
40.6 kJ mOrl. 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction f(Lmol-1 S-I) pH I t(OC) Method Comment Ref. 

IS. 1 Nickel(l) ion - Continued 

15.1.36 Nitrous oxide - Continued 

g).3 x 106 p.r. D.k. at 313 run in N20-satd. soln. contg. 68G855 
1.0 mol L-1 NiS04 and 0.001 mol L-1 

MeOH. 

15.1.37 Oxygen 

Ni+ + O2 --.- Ni02+ 1.4 X 109 0.08 p.r. D.k. at 313 run in soln. contg. 0.02 mol 68G855 
L-1 NiS04 and 0.001 mol L-1 MeOH. 

2.2 x 109 18 p.r. D.k. in soln. contg. Ni2+. 66AOOI 

15.1.38 Hexaammineruthenium(lll) ion 

Ni+ + Ru(NH3)i+ --.- 4.0 X 108 0.08 p.r. D.k. in soln. contg. 0.02 mol L -1 NiS04 
and varied [Ru(NH3)l+]. 

701229 

15.1.39 Peroxodisulfate ion 

Ni+ + S2082- --.- Ni2+ + S04·- + sol- 1.5 x 108 0.049 25 p.r. D.k. in deaerated soln. contg. 0.05 mol 761072 
L-1 Ni2+ and (0.5-10) x 10-4 JIloi L-1 

S20 82-. 

1.5.1.40 Allyl alcohol 

Ni+ + H2C=CHCH20H ~ _108 25 p.r. D.k. in deaerated soln. contg. 0.01 mol 761072 
[Ni(CH2CHCH2OH)t L-1 NiS04, 1.2 X 10-3 mol L-1 allyl 

alcohol and 1.24 mol L-1 MeOH. 

15.1.41 1,4-Benzoquinone 

Ni+ + Q ~ Ni2+ + Q.- 2.3 X 108 6.0 25 p.r. P.h.k. at 430 run in deaerated soln. 761134 
contg. 0.01 mol L -1 Ni2+, 1 mol L-1 

tert-HuUH and (2-4) x 10 5 mol L 1 Q. 

15.1.42 2-Methyl-l,4-naphthoquinone 

Ni+ + 2-CH3NQ --.- Ni2+ + 2.4 X 109 7.0 -25 p.r. P.h.k. at 395 nm in soln. contg. 0.005 751032 
[2-CH3NQr- mol L-1 NiS04, 1 mol L-1 tert-BuOH, 731047 

(2.5-5.0) x 10-5 mol L -1 2-CH3-NQ and 
0.001 mol L -1 phosphate. 

15.1.43 4-Pyrimidinecarboxylate ion 

Ni+ + 4-pmC02 - ~ Ni2+ + 4x 108 p.r. D.k. in Ar-satd. soln. contg. 0.1 mol L-1 82AI46 
[4-pmC02l" 2- tert-BuOR,O.OI mol L-1 NiS04 and 8 x 

10-4 mol L-1 4-pmC02-. 

15.1.44 Tetranitromethane 

Ni+ + C(N02)4 -+ Ni2+ + C(N02h - + 1.4 X 109 5.9 25 p.r. P.h.k. in deaerated soln. contg. 1 mol 761134 
·N02 L-1 tert-BuOH, 0.01 mol L-1 Ni2+ and 

(32-136) x 10-6 mol L-1 

tetranitromethane. 

15.2 Tetracyanonickelate(1) ion 

15.2.1 First-order reaction 

Ni(CN)l- ~ Ni(CNh2- + CN" 8.1 X 103 s·l 20 p.r. P.h.k. at 350 nm and d.k. at 240 run in 74107~ 

N20-satd. soln. contg. 0.53 or 4.4 x 
10-4 mol L -1 Ni(CN)l- and 0.1 mol 
L-1 funu<u\; iun; kr;;: 8 X 107 L mol-1 

s-1 [78Z002]. 

15.3 Tris( cyano )nickelate(1) ion 

15.3.1 Tris( cyano )nickelate(l) ion 

Ni(CNh 2- + Ni(CNh2- --.- Ni2(CN)64- 7.4 X 107 20 p.r. P.b.k. at 313 nm in N20-satd. solD. 74107 
contg. 0.06 or 2 x 10-4 mol L-1 

Ni(CN)42- and 0.1 mol L-1 formate ion. 
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TABLE 15. Rate constants ·for nickel transients' - . Continued 

('i:: . ~eaction t(°C) Method Comment Ref. 

'~~N'~~--~~--------------~-------------------------------------------------------------------

1:S~4' 1,4,7,10.Tetraazacyclotridecanenickel(1) ion 

'i'A~l. ,. First-order reaction 

Ni([13]aneN4)+ -+-

"':4.2 .···Nitrow oxide 

~i«(13jarieN4)++ N20 + 2 H30+-+
'Nj([13]aneN4)2++ N2 + 3 H20 

5.5 p.r. 

6.0 p.r. 

1$.5 9-Me~hyl-9-nitro-1,4,7,11-tetraazacyclotridecanenickel(ll) ion, electron adduct 

"JS.5;I· First-order reaction 

,Ni(MeN02[i3]aneN4)+ -+-

11.6 1,4,8;11-Tetraazacyclotetradecanenickel(1) ion 

't5.6.1 ... Hexaamminecobalt(Ill) ion 

. Ni(cyclam) + +Q)(NH3)l+ -+-
Ni(cy6J,am)2+ + CO(NH3)62+ 

1$.6..2 . Nitrous oxide 

Ni(cyclam)+ + N20 + 2 H30+ -+
~i(cyc~am)2+ + N2 + 3 H20 

15.63 Oxygen 

:'Ni(cyclam)+ + O2 -+- Ni(cyclam)2+ + 
°2' 

lS;6.4Hexaammineruthenium(lD) ion 

.• Ni(cyclam)+ + Ru(NH3>l+ -+
Ni(cyolrun)2+ 1 Ru(NH;j){)2+ 

22 p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

15.7, .' 1,4,8,11-Tetrametbyl-1,4,8,11-tetraazacyclotetradecanenickel(l) ion 

IS~7.1 Hexaamminecobalt(llI) ion 

Ni(Me4[14]aneN4t + Co(NH3>l+ -+- 8.0x 105 p.r. 
" 'Ni(Me4[14]aneN4)2+ + Co(NH3)l+ 

1S.7.2 ····Nitrous oxide 

Ni(Me4[14]aneN4)+ + N20 + 2 H30+ -+- 8.3 X 102 p.r. 
Ni(Me4[14]aneN4)2+ + N2 + 3 H2O 

15;7.3 Oxygen 

Ni(Me4[14]aneN4)'" + °2-+- 1.6 X 109 p.r. 
Ni(Me4[14]aneN4i+ + O2'-

15.7.4'. ·Hexaammineruthenium(lD) ion 

Ni(Mc4[14]wlI;::N4t T Ru(NH3)6~'" ~ 4.9 x 10' p.r. 
Ni(Me4[14]aneN4)2+ + Ru(NH3>i+ 

lS~8 • 5,7,7 ,12,14,14-Bexametbyl-l,4,8,11-tetraazacyclotetradecanenickel(1) ion 
15.8.1 Hexaamminecobalt(lD) ion 

Ni(aneN4t + CO(NH3>63+-+
Ni(aneN4)2+ + Co(NH3)i+ 

7.0 0.016-
0.028 

p.r. 

D.k. in Ar-satd. soln. contg. 2 x 10-4 85A145 
mol L-1 Ni([13]aneN4)2+ and 0.1 mol 
L-:1 formate ion; ligand loss reaction 
suggested. 

D.k. at 370 nm and p.b.k. at 525 nm in 85A145 
Ar-satd. soln. contg.2 x 10-4 
Ni([13]aneN4)2+, 0.1 mol L-1 formate 
ion arid 0.002-0.02 mol L-t N20. 

D.k. at 290 nm in soln. contg. 0.001 
mol L-1 Ni(MeN02[13]aneN4)2+ and 
0.1 mol L -1 tert-BuOH. 

88A391 

85A032 

85A032 

85A032 

85A032 

85A032 

85A032 

85A032 

8:5A032 

D.k. at 380 nm in Ar-satd. soln. contg. 761039 
(2.5-5.0) x 10-3 mol L-1 Ni(aneN4)2+, 1 
mol L-1 telt-BuOH, 0.001 mol L-1 

phosphate buffer and (2.5-10) x 10-4 
mol L-1 Co(NH3)63+. 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction pH I t(°C) . Method Comment 

15.8 5,7,7,12,14,14-Hexamethyl-l,4,8,II-tetraazacyclotetradecanenickel(l) ion - Continued 

15.8.2 Tris(ethylenediamine)cobalt(Dl) ion 

Ref. 

Ni(aneN4t + Co(enh3+ -.. Ni(aneN4)2+ 
+Co(enh2+ 

"7.0 0.016- p.r. D.k. at 380 run io Ar-satd. solo. contg: 761039 
0.028 (2.5-5.0) x 10-3 mol L-1 Ni(aneN4)2+,1 

mol L~l tert-BuOH, 0.001 mol L-1 

phosphate buffer and (2.5-10) x 10-4 
mol L-1 Co(enh3+. 

15.8.3 Aqua(S,7,7 ,12,14,14-hexamethyl-l,4,8,II-tetraazacyclotetradeca-4,II-diene)hydroxycobalt(Dl) ion 

Ni(aneN4t + 1.1 x 106 7.0 0.016- p.r. O.k. at380 runinAr-satd.soln,contg. 761039 
Co(4,11-dieneN4)(H20)OH2+ -.. 0.028 (25 .. 5.0) x 10-3 mol L-INi(an~N4)2+, 1 
Ni(aneN4)2+ + mol L ';;'1 tert-BuOH, 0.001 mol L -I" 

Co(4,1l-dieneN4)(H20)OW phosphate buffer and (2.5-10) x 10-4 
mol L-1 Co(4,11-dieneN4)(H20)OH~T. 

15.8.4 DihydroxY(2,3,9,10-tetramethyl-l,4,8,II-tetraazacyc1otetradeca-1,3,8,10-tetraene)cobalt(lD) ion 

Ni(aneN4)+ + 1.7 x 107 7.0 0.016- p.r. O.k. at 380 nm in Ar-satd .. soIn. contg. 761039 
CO(Me4tetraeneN4)(OH)2+ - 0.028 (2.:5-:5.0) xl0~3 mol L-1 Ni(aneN4)2+, 1 
Ni(aneN4)2+ + mol L-1 tert-BuOH,0.001·inolL-1 

Co(Me4tetraeneN4)(OH)2 phosphate buffer and (2.5-10) x 10-4 
mol L-1 Co(Me4tetraeneN4)(OHh +. 

15.8.5 1iis(2,2' -bipyridine)cobalt(lll) ion 

Ni(aneN4)++ Co(bpYh3+-.. 
Ni(aneN4)2+ + Co(bpYh2+ 

15.8.6 Tris(2,2' -bipyridine)chromium(Dl) ion 

Ni(aneN4)+ + Cr(bpYh3+ -.. 7.7 x 108 

Ni(aneN4)2+ + Cr(bpYh2+ 

15.8.7 Tris(2,2'-bipyridine)iron(lll) ion 

Ni(aneN4)+ + Fe(bpyh3+-.. 
Ni(aneN4)2+ + Fe(bPY)32+ 

IS~8.8 Hydrogen ion 

Ni(aneN4t + H+ -.. 

15.8.9 Dihydrogen phosphate ion 

Ni(aneN4)+ + H2P04 - -.. 

15.8.10 Nitrous oxide 

Ni(aneN 4t + N20 -.. 

15.8.11 Oxygen 

Ni(aneN4)+ + O2 -.. Ni(aneN4)2+ + 02'-

1.1 X 105 

3.9 X 107 

7.0 0.016-
0.028 

7.0 0.016-
0.028 

7.0 0.016-
0.028 

0.5- 0.06-
1.25 0.3 

5.50 0.01-
0.1 

7.0 0.01 

4.0 

. p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

O.k. at 380 nminAr-satd.soln.contg. 761039 
(2.5-5.0) x 1O-3 m()1 L~l Ni(aneN4)2+, 1 
mol L -1 tert-BuOH, O.()()lmol L-1 

phosphate buffer and (25;.10) x 10-4 
mol L-1 Co(bpYh3+. 

O.k. at 380 nm in Ar-satd. soIn. contg. 761039 
(2.5-5.0) x 10-3 mol L -1 Ni(aneN4)2+,l 
mol L-1tert,..BuOH, 0.001 mol L-1 

phosphate· buffer and (2.5-10) x 10-4 
mol L -1 Cr(bpYh3+. 

O.k. at 380 run in Ar-satd. soln. contg. 761039 
(2.5-5.0) x 10",,3 mol L",,1 Ni(aneN4i+, 1 
inol L-1 tert-BuOH, 0.001 mol L-1 

phosphate buffer arid (2.5~lOj x 10-4 
mol L-1 Fe(bpYh3+. 

D.k. at 380 nm in Ar-satd. soln. contg. 761039 
0.003 mol L -1 Ni(aneN4)2+ and 1 mol 
L-1 /erl-fiuOH. 

D.k. at 380 nm in Ar-satd. soln. contg. 761039 
0.003 mol L -1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH and 0.01-0.1 mol L-1 

H2Pol-· 

D.k. at 380 Dmin solo. contg. 0.003 
mol L-1 Ni(aneN4)2+, 1 mol L-1 tert
BuOH, (7.5,-25) x 10-4 mol L -1 N20 
and 0.001 mol L -1 phosphate buffer. 

761039 

D.k. at 300 nm in He-satd. soln. contg. 92A165 
0.1 mol L-1 formate ion, 1 X 10-4 mol 
L-1 Ni(aneN4)2+ and varied [02]' 
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TABLE 15. Rate constants for nickel transients - Continued 

Reaction k(Lmol-1 S-I) pH I t(°C) Method Comment Ref. 

'''.S 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradecanenickel(1) ion -. Continued 

15Jtll Oxygen Continued 

1.6 x 109 7.0 p.r. D.k. at 380 nm in soln. contg. 0.003 
mol L-1 Ni(aneN4rz"" 1 mol L-1 tert-

761039 

BuOH, (7-25) x 10-5 mol L -1 O2 and 
0.001 mol L-1 phosphate buffer. 

15.8.12 HexaamminerutheniumaII) ion 

Ni(aneN4t + Ru(NH3)63+ -+ 6.9 X 108 4 0.01 p.r. Nrsatd. soln.contg. alcohol. 88A334 
Ni(aneN4)2+ + Ru(NH3)62+ 

3.8 X 108 7.0 0.016- p.r. D.k. at 380 nm in Ar-satd. soln. contg. 761039 
0.028 (2.5-5.0) x 10-3 mol L -1 Ni(aneN4)2+, 1 

mol L-1 tert-BuOH, 0.001 mol L-1 

phosphate buffer and (2.5-10) x 10-4 
mol L-1 RU(NH3)63+. 

15.8.13 Pentaammine(nitroso)ruthenium(1II) ion 

Ni(aneN4)+ + Ru(NH3)5N03+ -+ 7.4 X 107 7.0 0.016- p.r. D.k. at 380 nm in Ar-satd. soln. contg. 761039 
Ni(aneN4)2+ + Ru(NH3)5N02+ 0.028 (2.5-5.0) x 10-3 mol L-1 Ni(aneN4)2+, 1 

1llul L-1 tert-BuOH,O.OOl JIlul L-1 

phosphate buffer and (2.5-10) x 10-4 
mol L-1 Ru(NH3)sN03+. 

15.8.14 Acetic acid 

Ni(aneN4t + CH3C02H -+ 1.2 x 104 4.85 0.015- p.r. D.k. at 380 om io Ar-satd. soln. contg. 761039 
0.06 0.003 mol L-1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH, 0.001 mol L-1 phosphate 
buffer and 0.005-0.05 mol L-1 acetate 
buffer. 

15.8.15 9,lO-Anthraquinone-2,6-disulfonate ion 

Ni(aneN4)+ + 2,6-diS03AQ2- -+ 4.8 X 109 7.0 0.004 p.r. D.k. or p.b.k. in Ar-satd. soln. contg. 761039 
Ni(aneN4)2+ + [2,6-diS03AQr3- 0.001 mol L-1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH, 0.001 mol L-1phosphate 
buffer and (2.5-5.0) x 10-5 mol L-1 

2,6-diS03AQ2-. 

15.8.16 1,4-Benzoquinone 

Ni(aneN4t + Q -+ Ni(aneN4)2+ + Q'- 4.8 X 109 7.0 0.004 p.r. D.k. or p.b.k. in Ar-satd. soln. contg. 
0.001 mol L-1 Ni(aneN4)2+, 1 mol L-1 

761039 

terl-BuOH, 0.001 mol L-1 phosphate 
buffer and (2.5-5.0) x 10-5 mol L -1 Q. 

IS.S.17 3-Benzoylpyridine 

Ni(aneN4t + 3-C6HsCOpy-+ 2.5 x 108 7.0 0.004 p.r. D.k. or p.b.k. in Ar-satd. soln. contg. 761039 
0.001 mol L-1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH, 0.001 mol L -1 phosphate 
buffer and (2.5-5.0) x 10-5 mol L-1 3-
C6HsCOpy. 

IS.S.18 Fluorescein dianion 

Ni(aneN4)+ + Fl2- -+ 3.2 X 109 7.0 0.004 p.r. D.k. or p.b.k. in Ar-satd. soln. contg. 761039 
0.001 mol L-1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH, 0.001 mol L -1 phosphate 
buffer and (2.5-5.0) X 10-5 mol L-1 

F12-. 

15.8.19 Iodomethane 

Ni(aneN4t + CH31 -+ 4.6 x 108 9.2 0.01 p.r. D.k. at 380 nm in Ar-satd. solo. contg. 761039 
0.003 mol L-1 Ni(aneN4)2+, 1 mol L-1 

tert-BuOH, (2.5-5.0) x 10-4 mol L-1 

CH31 and 0.001 mol L-1 tetraborate 
buffer. 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction pH t(°C) Method Comment 

15.9 1,4,5,7,7,8,11,12,14,14-Decamethyl-l,4,8,11-tetraazacyclotetradecanenickel(1) ion 

15.9.1 Hexaamminecobalt(Dl) ion 

Ni(MeIOcyclam)+ + CO(NH3)63+ .-,. 1.7 X 104 

Ni(Me lOcyclam)2 • .,. CO(NH3)i'" 

15.9.2 Hexaamminebis().t-hydroXY)-Il-(trlftuoroacetato )dicobalt(Dl) ion 

Ni(MelOcyclamt + 3.0 x 105 

CF3C02 [CO(NH3hh(OH}z3+ -4 

15.9.3 Hexaammine-Il-( diftuoroacetato )bis(!l-hydroxy)dicobalt(Dl) ion 

Ni(MelOcyclam)+ + 1.8 x 105 

CHF2C02[CO(NH3hh(OH)23+ .-,. 

15.9.4 Hexaammine-Il-(fluoroacetato)bis(!l-hydroxy)dicobalt(lII) ion 

Ni(MelOcyclam)+ + 1.4 x 105 

CH2FC02[Co(NH3hh(OHh3+ .-,. 

15.9.5 Il-Acetatohexaamminebis(!l-hydroxy)dicobalt(lll) ion 

Ni(MeIOcyclam)+ + 8.8 x 104 

CH3C02[CO(NH3hh(OHh3+ .-,. 

15.9.6 Nitrous oxide 

Ni(MelOcyclam)+ + N20 .-,. 

15.9.7 Oxygen 

Ni(Me lOcyclam) + + O2 .-,. 

Ni(MelOcyclam)2+ + O2'' 

15.9.8 Hexaammineruthenium(Ill) ion 

Ni(MelOcyclam)+ + RU(NH3)63+.-,. 
Ni(MelOcyclam)2+ + Ru(NH3)62+ 

<0.1 

4x 107 

3.0x 107 

p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

p.r. 

p.r. 

p.r. 

D.k. at 335 nm in Ar-satd. soln. 

O.k. at 335 run in Ar-satd. soln. 

D.k. at 335 nm in Ar-satd. soln. 

O.k. at 335 run in Ar-satd. soln. 

15.10 5,7,7 ,12,14,14-Hexametbyl-l,4,8,II-tetraazacyclotetradeca-4,11-dienenickel(1) ion 

15.10.1 5,7,7 ,12,14,14-Hexamethyl-1,4,8,11-tetraazacyclotetradecanesilver(ll) ion 

Ni(4.11-dieneN4)+ + Ag(aneN4)2+.-,. 5.7 x 108 4 0.03 p.r. O.k. or p.b.k. in Nz-satd. soln. contg. 
Ni(4,ll-dieneN4)2+ + Ag(aneN4)+ alcohol. 

15.10.2 Hexaamminecobalt(Ill) ion 

Ni(4,1l-dieneN4)+ + CO(NH3)63+.-,. 1.9 X 106 7.0 0.016- p.r. D.k. at 460 run in Ar-satd. soln. contg. 
Ni( 4, 11-dieneN4)2+ + Co(NH3)l+ 0.028 (2.5-5.0) x 10-3 mol L -1 Ni(4,11-

dieneN4)2+, 1 mol L-1 tcrlBuOH, 
0.001 mol L-1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Co(NH3)i+. 

15.10.3 Tris( ethylenediamine)cobalt(lll) ion 

Ni(4,11-dieneN4)+ + Co(en)33+ .-,. 1.1 x 106 4 0.01 p.r. D.k. or p.b.k. in Nz-satd. soln. contg. 
Ni(4,II-dieneN4)2+ + Co(enh2+ alcohol. 

1.1 x 106 7.0 0.016- p.r. D.k. at 460 run in Ar-satd. soln. contg. 
0.028 (2.5~5.0) x 10-3 mol L -1 Ni(4,11-

dieneN4)2+, 1 mol L-1 tert~BuOH,· 
0.001 mol L -1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Co(enh3+. 

15.10.4 Tris(2,2' -bipyridine )cobalt(lll) ion 

Ni(4,11~dieneN4t + Co(bpYh3+.-,. 1.3 X 109 7.0 0.016- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 

Ni(4,11-dieneN4)2+ + Co(bpYh2+ 0.028 (2.5-5.0) x 10-3 mol L-1 Ni(4,11-
dieneN.f)2+. 1 mol L-1 tert~BuOH, 
0.001 mol L -1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Co(bpyh3+. 

Ref. 

85A032 

83Al40 

83Al40 

83A140 

83Al40 

85A032 

85A032 

85A032 

88A33'! 

76103S 

88A33 

761031 

76103 
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TABLE 15. Rate constants for nickel transients - Continued 

Reaction pH t(°C) Method Comment Ref. 

1 <;.IU 5,7,7;12.14.14.Hexamethyl·l.4,8,11.tetraazacyclotetradeca·4,1l·dienenickel(1) ion Continued 

1 ".10.5 Aqua(S,7,7 ,12,14,14.hexamethyl.l,4,8,1l-tetraazacyclotetradeca-4,1l.diene)hydroxycobalt(lll) ion 

Ni(4,11-dieneN4t + 2.6 x 106 7.0 0.016- p.r. D.k. at 460 nm in At-satd. soln. contg. 761039 
Co(4,II-dieneN4)(H20)OH2+.... 0.028 (2.5-5.0) x 10-3 mol L-1 Ni(4,1l-
Ni(4,ll-dieneN4)2+ + dieneN4)2+, 1 mol L-1 tert-BuOH, 
Co(4,1'-dieneN4)(H20)OH+ 0.001 mol L-1 phosphate buffer and 

(2.5-10) x 10-4 mol L-1 Co(4,11-
dieneN 4)(H20)OH2+. 

I ".10.6 2,3,9,1 0-Tetramethyl-l,4,8,1l-tetraazacYclotetradeca-l,3,8,10-tetraenecoba1t(ID) ion 

Ni(4,II-dieneN4)++ 4.0xl07 4 0.01 p.r. 
Co(Me4tetraeneN 4)~+ .... 
Ni(4,II-dieneN4)2 ... -t 

Co(Me4tetraeneN 4)(H20h 2+ 

D.k. or p.b.k. in Nrsatd. soln. contg. 
alcohol. 

1 S.I n.7 Dihydroxy(2,3,9,1 O.tetramethyl·l,4,8,1l-tetraazacycIotetradeca-l,3,8,1 O-tetraene )coba1t(llI) ion 

Ni(4,II-dieneN4 )+ I 3.6x 107 7.0 0.016- p.r. D.k at 460 nrn in Ar-satd. so]n. contz 

Co(Me4tetraeneN4)(OHh + .... 0.028 (2.5-5.0) x 10-3 mol L-1 Ni(4,1l-
Ni(4,11-dieneN4)2+ + dieneN4)2+, 1 mol L-1 tert-BuOH, 

Co(Me4tetraeneN4)(OHh 0.001 mol L-1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 

Co(Me4tetraeneN4)(OHh +. 

lS.10.8 Tris(2,2' -bipyridine)chromium(III) ion 

Ni(4,11-dieneN4 )+ + Cr(bpYh3+ .... 3.1 x 108 4 0.01 p.r. D.k. or p.b.k. in Nrsatd. soln. contg. 
Ni(4,II-dieneN4)2+ + Cr(bpy)/+ alcohol. 

1.1 x 108 7.0 0.016- p.r. D.k. at 460 nm in At-satd. soln. contg. 
0.028 (2.5-5.0) x 10-3 mol L-1 Ni(4,11-

dieneN4)2+,1 mol L-l tl'rt.BuOH, 

0.001 mol L-1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Cr(bpYh3+. 

IS.I n.9 a-2,12-Dimethyl-3,7 ,1l,17-tetraazabicyclo[1l.3.1]heptadeca-l(17),2,1l,13,lS-pentaenecopper(lI) ion 

Ni(4, Il-dieneN4t + 1.0 x 108 4 0.01 p.r. D.k. or p.b.k. in Nrsatd. soln. contg. 
CU(Me2Pyo[l4]trieneN4)2+ .... alcohol. 
Ni(4,II-dieneN4 )2+ + 
CU(Me2PYO[ 14]trieneN4)+ 

15.10.10 Tris(2,2'-bipyridine)iron(III) ion 

88A334 

7fl1039 

88A334 

761039 

88A334 

Ni(4,II-dieneN4t + Fe(bPY)/+.... 2.2 X 106 

Ni(4,ll-dieneN4)2+ + Fe(bpYh2+ 
7.0 0.016- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 

0.028 (2.5-5.0) x lO .... l mol L-1 Ni(4,11-
dieneN 4i h

, I mol L-1 tert-BuOH, 
0.001 mol L -I phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Fe(bpYh3+ 

15.10.11 Hydrogen ion 

Ni(4,II-dieneN4t + H+ .... <1.25 0.06-
D.3 

p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 

I S.I 0.12 Nitrous oxide 

70 pro 

0.003 mol L -I Ni(4,11-dieneN4)2+ and 
1 mol L-1 tert-BuOH. Reaction may 
involve proton transfer to the metal 

center to give a hydrido complex. 

nk at 4flO nrn in ~nln conte 0003 
mol L-1 Ni(4,II-dieneN4)2+, 1 mol L-1 

tert-BuOH, (7.5-25) x 10-4 mol L-1 

N20 and and 0.001 mol L-1 phosphate 
buffer. 

I S.I 0.13 a-2,12-Dimethyl-3,7 ,11,17-tetraazabicyclo[lI.3.1]heptadeca-l(17),2,1l,13,lS-pentaenenickel(lI) ion 

Ni(4,II-dieneN4)+ + 2.1 x 107 4 0.01 p.r. D.k. or p.b.k. in Nrsatd. soln. contg. 
Ni(Me2Pyo[14]trieneN4)2+ .... alcohol. 
Ni(4,11-dieneN4 )2+ + 
Ni(Me2PYo[ 14 ]trieneN4)+ 

761039 

88A334 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction pH t(OC) Method Comment Ref. 

15.10 5,7,7 ,12,14,14-IIexamethyl-l,4,8,11-tetraazacyclotetradeca-4,11-dienenickd(1) ion - Continued 

15.10.14 Oxygen 

Ni(4,11-dieneN4)+ + O2 -+ 
Ni(4.11-dieneN4)2+ -I- 02'-

1.7 X 109 7.0 p.r. D.k. at 460 nm in soln. contg. 0.003 
mol L-1 Ni(4.11-dieneN4)2+. 1 mol L-1 

761039 

tert-BuOH, (7-25) x 10-5 mol L-1 O2 
and 0.001 mol L-1 phosphate buffer. 

15.10.15 Dihydrogen phosphate ion 

Ni( 4, II-dieneN4)+ + H2P04 - -10 2Ax 105 5.5 0.01- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.1 0.003 mol L-1 Ni(4.Il-dieneN4)2+. 1 

mol L-1 tert-BuOH and 0.01-0.1 mol 
L-1 H2PO/-. 

15.10.16 Hexaammineruthenium(lll) ion 

Ni(4,11-dieneN4)+ + Ru(NH3)63+ -10 4.5 X 108 4 0.01 p.r. D.k. or p.b.k. in N2-satd. soln. contg. 88A334 
Ni(4,11-dieneN4)2+ + Ru(NH3)l+ alcohol. 

4.5 x 108 7.0 0.016- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.028 (2.5-5.0) x 10-3 mol L-1 Ni(4,1l-

dieneN4)2+, 1 mol L-1 tert-BuOH, 
0.001 mol L-1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 Ru(NH3)63+. 

IS.10.17 Pentaammine(nitroso )ruthenium(lI1) ion 

Ni( 4,11-dieneN4)+ + Ru(NH3)sN03+ -10 3.5 X 107 7.0 0.016- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
Ni(4,II-dieneN4)2+ + Ru(NH3hN02+ 0.028 (2.5-5.0) x 10-3 mol L -1 Ni(4,11-

dieneN4)2+,I mol L-1 tert-BuOH, 
0.001 mol L-1 phosphate buffer and 
(2.5-10) x 10-4 mol L-1 

Ru(NH3)5N03+. 

15.10.18 Acetic acid 

Ni(4,11-dieneN4t + CH3C02H-+ 1.9 x lOs 4.85 0.015- p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.06 0.003 mol L-1 Ni(4,11-dicIlCN4)2+, 1 

mol L -I tert-BuOH and 0.005-0.05 mol 
L-1 acetate buffer. 

lS.10.19 9,10.Anthraquinone-2,6-disulfonate ion 

Ni(4,11-dieneN4)+ + 2,6-diS03AQ2--Io 5.0 X 109 7.0 0.004 p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
Ni( 4, 11-dieneN4)2+ + 0.001 mol L-1 Ni(4,1l-dieneN4)2+, 1 
[2,6-diS03AQr 3- mol L -I tert-BuOH,O.OOl mol L-1 

phosphate buffer and (2.5-5) x 10-5 mol 
L-1 2,6-diS03AQ2-. 

1S.10.20 1,4-Benzoquinone 

Ni(4,11-dieneN4t + Q-Io 3.8 X 109 7.0 0.004 p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
Ni(4,11-dieneN4f+ + Q'- 0.001 mol L-1 Ni(4,11.dieneN4)2+, 1 

mol L -I tert-BuOH,O.OOl mol L-1 

phosphate buffer and (2.5-5) x 10-5 mol 
L-1Q. 

lS.10.21 3-Benzoylpyridine 

Ni(4,Il-dieneN4)+ + 3-C6H5COpy -10 7.5 X 10& 7.0 0.004 p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.001 mol L-1 Ni(4,11-dieneN4)2+, 1 
mol L -1 len-BuOH, 0.001 Illul L-1 

phosphate buffer and (2.5-5) x 10-5 mol 
L -1 3-C6HsCOpy. 

15.10.22 Eosin dianion 

Ni(4,1l-dieneN4t +Eos-+ 2.7 x 109 7.0 0.004 p.r. D.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.001 mol L-1 Ni(4,11-dieneN4P+, 1 
mol L -1 tert-BuOH, 0.001 mol L -I 
phosphate buffer and (2.5-5) x 10-5 mol 
L -1 Eos. 
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TABLE 15. Rate constantS fof. nickel transients ~,Continued 

;~'~~ '- ' 

~it~);: > Reattion pH I t(°C) Method Comment Ref. 

'f.",~ ... .,!~, ~~'-------'-:"";---------'--------------------------':"----
;JJ)~~l 0 5,7,7 ,12,14,14-Bexamethyl~ 1,4,S,11-tetraazacyciotetradeca-4,1l·dienenickel(1) ion - Continued 

"-.5.10.23 Fluorescein' CHanion 

-'Ni(4.11-dieneN4)++ Fl2--+ 7.0 0.004 p.r. O.k. at 460 nm in Ar-satd. soln. contg. 761039 
0.001mol-L-1 Ni(4,1l-dieneN4)2+. 1 
mol L-I tert-BuOH, 0.001 mol L-I 

phosphate buffer and (2.5-5) x 10-5 mol 
L-1 Fl2-. 

t5~10a4', ',' Iodomethane 

'Ni(4.11-di~neN4t + CH3I-+ 9.2 0.01 p.r. O.k. at 460 nm in Ar-satd. soin.contg. 761039 
0.003 mol L~I Ni(4.11-dieneN4)2+, 1 
mol L-ltert-BuOH. (2.5-5) x 10-5 mol 
L-1 CII3I and 0.001 mol L-1 tctraboratc 

buffer. 

IJ@U 5,7, 7 ,12,14,f4-Bexamethyl-l,4,S,II.tetraazacyciotetradeca.l,4,S,1l-tetraenenickel(I) ion 

; lS.1l.1"Trls(2,2'.bipyndine)chromiiun(ttI) ion 

Ni(tetraeneN4t + Cr(bpY)33+ -+ 8.0 x 108 

Ni(tetraeneN 4)2+ + Cr(bPYh 2+ 

U~U.2, ,HexaamminerutheniUm(lll) ion 

,Ni(tetraeneN 4)+ + R\l(NH3)63+ -+ 
Ni(tetraeneN4)2+ + RU(NH3)62+ 

3.0x 108 

4 

4 

0.01 p.r. 

0.01 p.r. 

O.k. or p.b.k. in Nrsatd. soln. contg. 
alcohol. 

O.k. or p.b.k. in N2-satd. soln. contg. 
alcohol. 

'15.12 - 0. ... 2,12. Dimethyl-3, 7 ,11,17 ·tetraazabicyclo[1l.3.I]heptadeca·I(17),13,IS·trienenickel(l) ion 

, ;lS~12.1, a-2t12;.Dimethyl-3,7 ,11,17 -tetraazabicyclo[113.1]heptadeca-1(17),13,lS-trieoenickel(I) ion 

88A334 

88A334 

'Ni(Me2Pyo[14]aneN4t +2.5 x lOB p.r. O.k. at,290 and 320 nm in Nrsatd. soln. 81Al44 
~i(Me2Pyo[14]aileN4t -+ contg. 10-4 mol L-I 

Ni(Me2Pyo[14]aneN4)2+ and 0.01 mol 
L -1 Br-. Reaction in competition with 
Ni(I)+Ni(III),k-10B-l09 Lmol-1 S-I. 

l6.13': a~2,12-Dimethyl-3,7 ,it ,17 ·tetraazabicyclo[1I.3.I]heptadeca-l (17),2,11,13,IS·pentaenenickel(1) ion 

15.13.1 "TriS(2,2'.bijJ~dine)cI1romiiun(lll)ion 
Ni(Me2Pyo[14]trleneN4)+ + Cr(bpY)l+ 
-+- Ni(Me2Pyo[14]trieneN4)2+ + 

-Cr(bpYh2+ 

-t5.,13,.:2"; Hexaam,mineruthenium(III) ion 

Ni(Me2Pyo[14]trieneN4)+ + 
RU(NH3)63+ -+ 

'Ni(Me2Pyo[14]trleneN4)2+ + 
'KU(NH3Jli 

5.1 X lOB 

2.3 X 108 

4 0.01 

4 0.01 

p.r. 

p.r. 

O.k. or p.b.k. in Nrsatd. soln. contg. 
alcohol. 

O.k. or p.b.k. in Nrsatd. soln. contg. 
alcohol. 

IS:14,S';Methyl.S-nitro-l,3,6,lO,13,lS.hexaazatricyclo[13.1.1.113,lS]octadecanenickel(m ion, electron adduct 

·'l!U4~1 ,First.order reaction 

"Ni(MeN02[18]aneN6t -+ 22 p.r. O.k. at 290 nm in soln. contg. 0.001 
mol L-I Ni(MeN02[18]aneN6)2+ and 
0.1 mol L-I tert-BuOH. 

15.1S g.Amino.S-methyl.l,3,6,lO,13,IS.hexaazatricyclo[13.1.1.113,1s]octadecanenickel(1) ion 

-lS.lS~l First·orderreaction 

22 p.r. O.k. at 360 nm in soln. contg. 0.001 
mol L-I Ni(MeNH2[18]aneN6)2+ and 
0.1 mol L-I tert-BuOH. 

88A334 

88A334 

88A391 

88A391 
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TABLE 15. Rate constants· for nickel transients - Continued 

No. Reaction pH teC) Method Comment 

IS.16 3,7 -Bis(2-aminoethyl)-I,3,5,7 -tetraazabicyclo[3.3.1]nonanenickel(1) ion 

15.16.1 First-order reaction 

NiL+~ 2.2 x 104 s-l 22 p.r. O.k. at 360 nm in soln. contg. 0.00 I 
mol L-1 NiL2+ and 0.1 mol L-1 tert-
BuOH. 

IS.17 Nitrilotriacetatonickelate(1) ion 

15.17.1 Nitrilotriacetatonickelate(l) ion 

NiNTA2- + NiNTA 2- _ (NiNTA)24- 7.5 X 108 5-9 p.r. O.k. in soln. contg. NiNTA- and 0.1 
mol L-1 tert-BuOH. 

IS.18 N-Methyl-S,10,IS,20-tetrakis( 4-sulfonatophenyl)porphinatonickelate(m, radical anion 

15.18.1 First-order reaction 

Ref. 

88A391 

80A194 

[Ni(N-Me)TPPSr4- ~ CH3NiTPPs4- p.r. D.k. in Ar-satd. soln. contg. (1-10) x 92G 183 
10-5 mol L-1 Ni(N-Me)TPPS3- and 1 % 
2-PrOH. 

lS.19 Hydroxymethylnickel(m ion 

15.19.1 Water 

NiCH20H+ + H20 ~ Ni2+ + MeOH + 7 s-l p.r. O.k. at 250 nm and condy. change in 741037 
OIr Ar-satd. soln. contg. 10-4 mol L-1 

NiS04 and 0.1 mol L-1 MeOH. 

15.19.2 Hydrogen peroxide 

NiCH20H+ + H20 2 ~ 7.3 X 103 p.r. ' Condy. change in Ar-satd. soln. contg. 741037 
NiS04 and MeOH. 

IS.20 Carboxylatonickel(m 

15.20.1 Water 

NiC02 +H20 ~ < 1 s·l p.r. D.k.at 250 nm and condy.change in 741037 
Ar-satd. soln. contg. NiS04 and formate 
10n: NiC02 is probably protonated. 

lS.21 I-Hydroxyethylnickel(m ion 

15.21.1 Water 

NiCHOHCH3 + + H20 ~ Ni2+ + EtCH 5 s-l p.r. D.k. at 250 nm and condy. change in 741037 

+OIr Ar-satd. soln. contg. NiS04 and EtOH. 

15.21.2 Hydrogen peroxide 

NiCHOHCH3 + + H20 2 ~ 2.3 X 104 p.r. Condy. change in Ar-satd. soln. contg. 74103'1 

NiS04 and EtOH. 

15.22 I-Hydroxy-l-methylethylnickeUID ion 

15.22.1 Water 

NiCOH(CH3)2 + + H20 ~ < 1 s·l p.r. O.k. at 250 nm and condy. change in 74103i 
Ar-satd. soln. contg. NiS04 and 2-
PrOM. 

15.22.2 Hydrogen peroxide 

NiCOH(CH3h + + H20 2 ~ 1.1 X 106 
> p.r. Condy. change in Ar·satd. soln. contg. 

5 x 10-4 mol L-1 NiS04 and 0.005 mol 
74103~ 

L-1 2-OOH. 

IS.23 l-Ethoxyethylnickel(m ion 

15.23.1 Water 

NiCH(CH3)OC2Hs + + H20 ~ < 1 s-l p.r. O.k. at 250 nm andcondy. change in 74103 
Ar-satd. soln. contg. NiS04 and diethyl 
ether. 



RATE CONSTANTS FOR TRANSIENT METAL-IONS IN AQUEOUS SOLUTION 1175 

TABLE 15. Rate constants for nickel transients -,' Continued 

"l~Ethoxyethylnickel(m ion 

~.l. Hydroge~ peroxide 

:NiCH(~H3)OC2Hs + + H20 2-+ 

iJ~, ",Cy~lopentylnickel(D) ion 

1~.1 "W~ter', 
':'C~5~Ni++ H 20 -+ Ni2+ + C':CSHlO + 
:OH~ 

'j'@4.2 Hydrogen peroxide 

:' C~C5H9~i++ H20 2 -+ 

Continued 

p.r. 

p.r. 

p.r. 

Condy. change in Ar~satd. soln. contg. 741037 
NiS04 and diethyl ether. 

D.k. at 250 run and condy. change in 
Ar~satd. soln. contg. NiS04 and 
cyclopentane. 

741037 

Condy. change in Ar-satd. soln. contg. 741037 
NiS04 and cyclopentane. 

'~1'~ S,7,7,12,14,14-Hexamethyl .. l,4,8,11-tetraazacyclotetradecanenickel(m ion, OR reaction product 

1'4$.1"" Hydrogen peroxide 

'Ni(o.neN4~iI)2+ I H 20 2 - 2 x 104 5 22 p.rJf.p. D.k. 79A038 

tiM' 5,7 ,7,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,1l-dienenickel(ll) ion, OHreaction product 

:,:tf46.f.First-order reaction 

" Ni(4,l1-dieneN4-H)2+ -+ 

• :136.2 'Hydrogen ion 

. "Ni(4;l1~dieneN4-H)2+ + W -+ 

,Ni(4.11 ,.dieneN4)3+ 

/'~J63 Hydrogen peroxide 

Ni(~.l HUeneN4-H)l+ + H202 -+ 

-1'.27 Iminodiacetatonickelate(ll), H -abstraction product 
, ', .. ' 

,t$a7.i, , '"First-order reaction 

Ni(IDA-H) -+ 2.6 x 105 8-1 

U.273 ,Oxygen 

Ni(IDA-H) + 02 -+ 3x 104 

7 

7 

,U;.2~, < Bis(iminodiacetato )nickeiate(m, H-abstraction product 

J~.28:1 ,Oxygen 

1$..28.2, Ferricyanide ion 

,- Ni(IDA)(IDA~H)2- + Fe(CN)63- -+ 

'15.29' , Nitrilotriacetatonickelate(ll), H-abstraction product 

,,Ui,29.1 'Bromide ion 

Ni(NTA-Hr + Br- ~ 2x 103 

1-5;29.2 Copper(ll) ion 

Ni(NTA-Hr + Cu2+ -+ 7.8 X 107 

7 

7 

22 p.rJf.p. 

22 p.rJf.p. 

22 p.rJf.p. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. , 

p.r. 

Value obtained by computer 79A038 
simulation; kr = 1 X 103 s-l . 

Value obtained by computer 79A038 
simulation; kr = 1 X 103 s-1. 

"NAOjM 

D.k. in N20-satd. soln. contg. 0.01 mol 
L-1 Ni(IDA). 

81 A023 

D.k. in soln. satd. with various mixtures 81A023 
of N20 and 02 contg. Ni(IDA). 

D.k. in soln. satd. with various mixtures 8 I A023 
ofN20 and O2 contg. Ni(IDAh2-. 

D.k. at 420 run in N20-satd. soln. contg. 81A023 
Ni(IDAh2- and Fe(CN)63-. 

D.k. in N20-satd. soln. contg. 4 x 10-4 78A436 
mol L-1 NiNTA and Br-. 

D.k. at 290 nm in N20~satd. soln. contg. 
NiNTA - and Cu2+. 

80A194 
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TABLE 15. Rate.constants for nickel transients --.-.: .·Continued 

No. Reaction k (L mor-:I s-I) pH 

16.29 Nitrilotriacetatonickelate(ll), H-abstl'Oction product .. Continued 

15.29.3 Iodide ion 

Ni(NTA-H)- + r -+ 

15.29.4 Hexachloroiridate(lV) ion 

Ni(NTA-H)- + IrCI6
2- ~ 

15.29.5 Nickel(ll) ion 

Ni(NTA-H)- + Ni2+ -+ 

15.29.6 Oxygen 

Ni(NTA-Hr + O2 ~ 

3.6x 107 7 

3.9 X 103 

4.0 X 103 

15.30 Ethylenediaminetetraacetatonickelate(ll), B-abstraction product 

15.30.1 Ethylenediaminetetraacetatonickelate(lI) ion 

Ni(EDTA-H)2- + NiEDTA2- -+ 9.3 X 104 

15.31 Amminenickel(Ill) ions 

15.31.1 Hydrazine 

Ni(IlI)(NH3)n + H2NNH2 -

15.31.2 Amminenickel(ID) ions 

Ni(Ill)(NH3)n + Ni(III)(NH3)n -

11.3 

11.3 

15.32 Ethylenediaminenickel(Ill) ions 

15.32.1 Ethylenediaminenickel(ll1) ions 

Ni(en)n3+ + Ni(en)n3+-+ 3.9 X 104 to 1.3 x 8.5-
107 10 

15.33 GlycinatonickeJ(Ill) ion 
15.33.1 Gl;y\:iJliltun1\:kcl(l1I) lUll 

Ni(GlY)n (3-n)+ + Ni(GlY)n (3-n)+ -+ 

15.34 Bis(I,4,7-triazacyclononane)nickel(llI) ion 
1;.34.1 Tryptltph~n 

Ni(tacnh3+ + TrpH ~ Ni(tacnh2+ + 
Trpo +H+ 

8.9, 
10 

7 

WC) Method Comment Ref. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

f.plpi 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

D.k. in N20-satd; som. contg .. 4 x 10-4 78A436 
mol L-1 NiNTA. rand HCJ04 • 

D.k. at 490 nm (IrClll and d.k. at 290 80A194 
nm (radical) in N20-satd. soln. contg. 
NiNTA - andhCll-. 

D.k. at 290 run in N20-satd. soln. contg. 80A194 
NiNTA- and Ni2+. 

D.k. at 290 run in soln. contg. NiNTA- 80A194 
and N20-02 0:1). 

D.k. in N20-satd. soln.contg. 4x 10:-4 78A436 
mol L -I NiNTA and 02: 

D.k.; reaction suggested to produCe 
Ni(DEDTA3-. 

91A292 

D.k. at 300 run in N20-satd.soln. contg. 720460 
(1-2) x 10-3 mol L -1 NiS04, (1-5) x 
10-4 mol L-1 hydrazine andO.(i7 mol 
L-1 NH

3
• .. 

D.k. at 300 run i~ N20.,.sat~L soIn. contg. 720460 
0.67 mol L-1 NH3 and (5-200) x 10-5 

mol L -1 NiS04 • 

D.k. at 300 nm in N20-satd. soln. contg. 720461 
(2-100) x 10-5 mol L-1 NiS04 and (6-
400) x 10-5 mol L-1 ethyenedhunine~ k 
is a function of pH, [NiS04] and 
[ethylenediamine]. 

D.k. at 350 nm inN20-satd. soln. contg. 720461 
(1-20) x 10:-4 mol L-1 NiS04 and (3-60) 
x 10:-4 mol L -1 glycine; k is a function 
of pH, [NiS04] and [glycine]. 

D.k. at 520 ron in N20-satd. soln. contg. 9lAOI5 
0.1 mol L-1 KBr, 0.011 mol L-1 

tryptophan, (0-10) x 10-3 mol 1:1 

Ni(tacnh(CI04h, nnd 0.01 mol L-1 

phosphate buffer, kr =-4.8 x lOs L mol-1 

s-I. 
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TABLE 15. Rate constants for nickel transients. - Continued 

No. Reaction 

J 5.35 1,4,7,10-Tetraazacyclotridecanenickel(III) ion 

J 5.35.1 First-order reaction 

pH I t(°C) Method Comment 

1177 

Ref. 

Ni([13]aneN4)3+ -+ 3.3 p.r. D.k. at -550 nm and p.b.k. at -300 nm 86A470 
in NzO-satd soln. contg. (1-10) x 10-4 

t 536 9-Methyl-9-nitro-l,4,7 ,11-tetraazacyclotridecanenickel(III) ion 

J 5.36.1 First-order reaction 

Ni(MeN02[13]aneN4)3+ -+ 22 p.r. 

l5.37 11,13-Dimethyl-l,4, 7,1 O-tetraazacyclotrideca-l 0,13-dienenickel(III) ion 
15_17.1 First-order reaction 

Ni(10,13-dieneN4)3+ -+ (1.0 to 7.0) x 102 3.6 
s-1 

22 p.r. 

mol L-1 Ni([13]aneN4)2+ and 
perchlorate ion; process suggested to 
represent configurational isomerization; 
followed by first-order reaction, k = 
0.017 s-l. In the presence of 0.1 mol 
L-1 Na2S04, k = 1 X 104 S-I; product 
suggested to be stabilized by axial 
sulfate liganns. 

D.k. at 520 nm in N20-satd. soln. 

D.k. in N20-satd. soln. contg. 
Ni(1O,13-dieneN4)2+ and 0.1 mol L-1 

NaBr; pKa = 8.8. 

J 5.38 11,13-Dimethyl-l,4, 7,10-tetraazacyclotrideca-l 0,13-dienenickel(III) ion, conjugate base 

J 5.38.1 1l,13-Dimethyl-l,4, 7 ,10-tetraazacyclotrideca-l0,13-dienenickel(lIl) ion, conjugate base 

Ni(1O,13-dieneN4-H)2+ + 3.5 x lOIS 10.6 22 p.r. 
Ni(10,13-dieneN4-H)2+ -+ 

D.k. in N20-satd. soln. contg. 
Ni(1O,13-dieneN4-H)2+ and 0.1 mol L-1 

NaBr; k = 3.9 X 108 L rnol-1 s-1 at pH 
8.2. Product suggested to be dimer. 

15.39 Aquabromo-l1-methyl-13-( trifluoromethyl)-1,4,7 ,10-tetraazacyclotrideca-l0,13-dienenickel(III) ion 

J 5.39.1 First-order reaction 

88A391 

82A060 

82A060 

Ni(triftuoro-1 0, 13-dieneN4)(H20)Br'" 1 X 103 S-1 

7.6 X 104 S-1 

4.8 
8.4 

p.r. D.k. in soln. contg. 0.001 mol L-1 84A277 
acetate or phosphate buffer. Reaction 
suggested to represent deprotonation of 
ligand and loss of Be 

15.40 Diaqua-ll-methyl-13-( trifiuoromethyl)-1,4, 7,10-tetraazacyclotrideca-l 0,13-dienenickel(III) ion, conjugate base 

15.40.1 Diaqua-ll-methyl-13-(trifluoromethyl)-1,4,7 ,10-tetraazacyclotrideca-l0,13-dienenickel(llI) ion, conjugate base 

Ni(trifluoro-1O,13-dieneN4-H)(H20h2+ 7.5 x 107 p.r. D.k. in N20-satd. soln. contg. Br- and 
+ Ni(L-H)(H20)2+~ pKa = 5.1 for 
Ni(trifluoro-10, 13-dieneN4-H)(H20h2+ NiL(H20h3+. 

J 5.41 Aquamethyl(I,4,8,1l-tetraazacyclotetradecane)nickel(III) ion 

15.41.1 First-order reaction 

84A277 

CH3Ni(cyc1am)(H20)2+ -+ 

Ni(cyc1am)2+ + ·CH3 + H20 
3.0 p.r. Derived from p.b.k. at 300 nm for 88A444 

15.41.2 Hexaaquachromium(Il) ion 

CH3Ni(cyclam)(H20)2+ + Cr(H20)i+ 
-+ Ni(cyclam)2+ + {H20)5Cr{;H32+ + 
2 H20 

3.0 p.I. 

formation of 
CH300Ni(cyclam)(H20)2+ in N20-
satd. soln. contg. Ni(cyc1am)2+, O2 and 
0.1 mol L-1 DMSO; kr == 6.5 X lOR L 
mor1 s-l; AVt == 24.4 x 10-3 Lmor1 

[90A321]. 

D.k. at 300 nm soln. contg. 0.001 mol 88A444 
L -1 Ni(cyclam)2+, 1 x 10-4 mol L-1 

C?+ and 0.1 mol L-1 DMSO. 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction 

15.42 1,4,8,11-Tetraazacyclotetradecanenickel(llI) ion 

15.42.1 First-order reaction 

pH t(°C) Method Comment Ref. 

Ni(cyclam)3+ ~ 7.5 X 101 s-1 
1.3 X 104 s-1 

3.1 
6 

p.r. D.k. in N20-satd. soln. contg. 0.3 mol 80A350 

15.42.2 Hydroxide ion 

L-1 CI04-orO.l molL-1 SOl-and 
Ni(cyclam)2+; followed by further d.k., 
k = 0.36 and 3.5 s-1 at pH 3 and 6, 
respectively. Transient stabilized by the 
presence of sulfate ions, K - 105 L 2 

mor2 [81A285]. 

Ni(cyclam)3+ + OIr ~ Ni(cyclam-H)2+ 

+ H20 
9-11 0.3 p.r. D.k. in N20-satd. soln. contg. 81A285 

Ni(aneN4)(CI04h· 

15.43 ~-rac-(5, 7,7 ,12,12,14-Hexamethyl-l,4,8,11-tetraazacyclotetradecane )nickel(llI) ion 

15.43.1 First-order reaction 

~-Ni(aneN4)3+ ~ 2.6 x 103 s-1 3.2 p.r. D.k. in N20-satd. soln. contg; 1 x 10-4 
mol L-1 ~-Ni(aneN4)(CI04h and 0.3 
mo] L-1 NaCIO, .. : reaction attrihuted to 
isomerization; a subsequent first-order 
process has k - 0.04 S-1 at pH 3.0-6.0 
and is attributed to oxidation of the 
ligand by the tervaIent nickel. 

15.43.2 Hydroxide ion 

~-Ni(aneN4)3+ + OH- -+ 2.7 x 104 9-11 0.3 p.L D.k. in N20-satd. soln. contg. 
J3-Ni(aneN4-H)2+ + H2O ,Ni(aneN4)(CI04h· 

15.44 5,7,7,12,14,14-Hexamethyl .. l,4,8,1l-tetraazacyclotetradecanenickel(llI) ion 

15.44.1 Perhydroxyl 

Ni(aneN4)3+ + H02' ~ 02 + 
Ni(aneN4)2+ + H+ 

1.0 X 105 2.0 22 p.r.lf.p. D.k. 

15.44.2 Superoxide radical anion 

Ni(aneN4)3+ + 02'- ~ 02 + 2.1 X 109 6.2 22 p.r.lf.p. D.k. 
Ni(aneN4)2+ 

15.44.3 Iron(II) ion 

Ni(aneN4)3+ + Fe2+ -+ Ni(aneN4)2+ + 
Fe3+ 

4.2 x 104 22 p.r.lf.p. D.k. 

15.44.4 Hydroxide ion 

Ni(aneN4)3+ + OH- ~ Ni(aneN4-H)2+ + 2.2 x 104 9-11 0.3 p.r. D.k. in N20-satd. soln. contg. 

H2O Ni(aneN4)(CI04h· 

15.44.5 Sulfate ion 

Ni(aneN4)3+ + sol- -+ Ni(aneN4)S04 + 1.0 x 106 3.2~ 0.03 22 p.r. P.b.k. at 320 nm in N20-satd. soln. 
.:5.2 \.:lJlllg. 3 x 10-" llJ 0.01 mol L-1 3°42-

and Ni(aneN4)2+. 

15.45 5,7,7 ,12,14,14. HexamethyI·l,4,8,1l-tetraazacyclQtetradecanedi(phosphato )nickel(TIl) ion 

15.45.1 Ascorbate ion 

81A285 

81A285 

79A038 

79A038 

79A038 

81A285 

79A249 

7.0 p.r. D.k. in air-satd. soln. contg. 90A422 
Ni(aneN4)2+, 0.005 mol L-1 formate ion 
and 0.02 mol L-1 HP04

2-. 

15.46 5,7,7,12,14,14.Hexamethyl.l,4,8,11-tetraazacyclotetradeca-4,11-dienenickel(II1) ion 

15.46.1 5,7, 7 ,12,14,14-HexamethyJ-1,4,8,U-tetraazacycJotetradeca-4,1I-dienenickel(I) ion 

Ni(4,11-dieneN4)3+ + 8 x 107 5 -+0 p.r. 
Ni(4,11-dieneN4)+ -+ 

D.k. at 450 nm and 535 nm in soln. 
contg. 2 x 10-4 mol L-1 Ni(4,11· 
dieneN4)2+. 

78A299 
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'TABLE 15. Rate constantS for ' nickel transients ,- Continued 

{~;,-.'Reaction t(0C) Method Comment 

Jill6 ,5,7;7 ;~2,14,14-Hexamethyl-l,4,8,11.;tetraazacyclotetradeca-4;11-dienenicke1(Ill) ion ~. Continued 

~'lIM.2 PerhydroxyJ 

~'·Ni(4~11-dien~N~)3+ + H02• ~ 
'~Ni(4,11;.dieneN4)2+ + 02 + W 

1.6 X 105 2.0 22 p.rJf.p. O.k. 

J5A63'Super~xide radical anion 

Ni(4.11-dieneN4)3+ + °2.- ~ 1.6 X 109 6.2 22 p.rJf.p. O.k. 
Ni(4.11-dieneN4i+ + 02 

'J~A6.4 Iron(ll) ion 

Ni(4.11-dieneN4)3+ + Fe2+ ~ 
,Ni(4.HilieneN4)2+ +Fe3+ 

2.1 X 104 22 p.rJf.p. O.k. 

2x 105 p.r. 

·j5.~6~ HYdJ:0gen peroxide 

i Ni(4J i~ieneN4)3i-+H20 2 -+ 2.3 x 103 22 p.rJf.p. 

:16A«i.6, , IOdide,ion 

Ni(4;ll~ieneN4)3+ :'" r ,~ 3 x 104 p.r. 

"15;46.7' Hydroxide ion 

Ni(4.11-dieneN4)3+ + UH- ~ 1.2 X lU3 Y-ll U.3 p.r . D.k. in N29-satd. solo. contg. 
.. Ni(4.11-dieneN4-H)2+ + H2O dieneN4)(CI04h· 

il$.4l'5,7~7~12,14,14-Hexamethyl-l,4,7,11-tetraazacyclotetradeca-4,11-diene(hydroxo)nickel(llI)'ion 

'15.47~I,. 'First-order reaction 

1179 

Ref. 

79A038 

79A038 

79A038 

78A299 

79A038 

78A299 

Ni(4,1l- 81A285 

N.I(4.11-dieneN4)OW -: 3.5 
4.9 

p.r. O.k. in N20-satd. solD. contg. (1-10) x 79AOO2 
10-5 mol VI Ni(4.11-dieneN4}2+; 

uncertain whether first- or second-order. 

'1:5.48 Bromo(5,7,7 ,12,14,14-hexamethyl-l,4,8,11-tetraazacyclotetradeca-4,11-diene )nickeI(llI) ion 

15.48.1 Water 

'Ni(4,11-dieneN4)B?++ H20 ~ 
, Ni(4.11,.dieneN4)(H20)3+ + Br-

3.0 p.r. O.k. in N20-satd. soln. contg. (1-10) x 79AOO2 
10-5 mol L-1 Ni(4,11-dieneN4i+ and 
0.0l-0~1 mol L-' Bc"-; kr =1300 LmoC' 
s-l; at pH 8.2, k = 2.5 X 105 s-'; pKa of 
Ni(4,11-dieneN4)(H20)3+ = 3.45. 

15.48.2 "'Bromide ion 

'Ni(4;11~dieneN4)B~+ + Br- ~ 
Ni(4,1l-dieneN4)2+ + Br2'-

-40 3.0 p.r. D.k. in N20-satd. soln. contg. (1-10) x 79AOO2 
10-5 molL";'l Ni(4,11-dieneN4)2+ and 

0.01-0.1 mol L -I Br-; kr = 9 X 109 L 
moI-l s-l. 

15.49 Dichloro(5,7,7,12,14,14-hexamethyI-l,4,8,11-tetraazacyclotetradeca-4,11·diene)nickel(Ill) ion 

lSA9~1 5,7,7 ,12,14,14.Hexamethyl.l,4,8,1l.tetraazacyclotetradecanesilver(ll) ion 

• Ni(4.11-dieneN4)C12 + + Ag(aneN4)2+ 4.8 x 108 4 0.1 p.r. 
~Ni(4,11-dieneN4)C12 + Ag(aneN4)3+ 

,15.50 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraazacyclotetradeca-l,4,8,11-tetraenenickel(llI) ion 

tS~O~l Perhydroxyl 

Ni(tetraeneN 4)3+ + H02' ~ 
Ni(tetrcteneN4)2+ + O2 + H+ 

8.5 X 105 2.0 p.r.lf.p. O.k. 

'lS30~ Superoxide radical anion 

Ni(tetraeneN4)3+ + 02'-: ~ 
Ni(tetraeneN 4)2+ + O2 

1.0 x 109 6.2 p.r.lf.p. O.k. 

lS~O.3 Iron(ll) ion 

Ni(tetraeneN 4)3+ + Fe2+ ~ 3.6 X 104 22 p.r.lf.p. O.k. 
Ni(tetraeneN 4i+ + Fe3+ 

S&A334 

79A038 

79A038 

79A038 
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TARLti 15 Rate cOMtsnts fOT nickel transients - Continued 

No. Reaction pH teC) . Method Conunent 

15.50 5,7, 7 ,12,14,14.Hexamethyl-l,4,8,1l-tetraazacyclotetradeca-l,4,8,1l-tetraenenickel(Ill) ion - Continued 

15.50.4 Hydrogen peroxide 

Ni(tetraeneN 4)3+ + H20 2 -+ 

15.50.5 Manganese(ll) ion 

Ni(tetraeneN 4)3+ + Mn2+ -+ 

Ni(tetraeneN4)2+ + Mn3+ 

3.3 X 103 

15.51 1,4,8,12-Tetraazacyclopentadecanenickel(llI) ion 

15.51.1 First-order reaction 

22 p.r.lf.p. D.k. 

22 p.r.lf.p. D.k. 

Ref. 

79A038 

79A038 

Ni([15JaneN4)3+ -+ 3.3 p.r. D.k. at 550 run and p.h.k. at -300 run in 86A470 
N20-satd. soln. contg. (1-10) x 10-4 
mol L-1 Ni«(15]aneN4)2+ and 

15.52 1,4,7,10,13. Pentaazacyclohexadecanenickel(llI) ion 

15.52.1 1,4,7,10,13-Pentaazacyclohexadecanenickel(llI) ion 

perchlorate or sulfate ion; process 
suggested to represent configurational 
isomerization; followed by fi~t-order 
reaction, k = 0.33 and 0.14 S-1 in the 
presence of perchlorate or sulfate ions, 
respectively. 

Ni([16]aneNs)3+ + Ni([16]aneNs)3+ -+ 5.1 x 104 3.0-
11.5 

p.r. D.k.; unclear whether k or 2k, Reaction 83A32: 
preceded by fust·order decay, k = 6 X 

15.52.2 lron(ll) ion 

Ni([16]aneN 5)3+ + Fe2+ -+ 

15.52.3 Oxygen 

Ni([16]aneN 5)3+ + O2 ~ 

3.3 

3.5 

p.r. 

p.r. 

103 S -1, suggested to represent 
intramolecular rearrangement. 

No effect on d.k. by addn. of 1 x 10-4 
mol L-l FeS04• 

15.53 S-Methyl-8-nitro-l,3,6,10,13,15-hexaazatricyclo[13.1.1.113,lS]octadecanenickel(Ill) ion 

15.53.1 First-order reaction 

Ni(MeN02f18]aneN6)3+ -+ 22 p.r, D.k. at 545 nm in N20.satd. soln. 

1S.54 8-Amino.8.methyJ.1,3,6,10,13,15.he":;ulozRtl"i,,ydo[13.1_'-113,15Jo~t9deeanenickel(llI) Jon 

15.54.1 First-order reaction 

Ni(MeNH2[18]aneN6)3+ -+ 22 p.r. 

15.55 3,7.Bis(2.aminoethyl)-1,3,5,7-tetraazabicyclo[3.3.1]nonanenickel(llI) ion 

15.55.1 First.order reaction 

22 p.r. 

D.k. at 545 run in N20·satd. soin. 

D.k. at 530 run in N20.satd. soln. 

15.56 Diaqua-o:.-2,12-Dimethyl-3,7 ,11,17 -tetraazabicyclo[1l.3.1]heptadeca-l(17),13,lS-trienenickel(DI) ion 

IS.56.1 First-order reaction 

83A32 

83A31 

88A3~ 

88A3 

8SA2 

Ni(Me2Py<>[14]aneN4)(H2.0 )?+ -+ 

Ni(Me2Pyo[14]aneN4)(H20 )(OH)2+ + 
H+ 

_220~-1 p.r. Estd. from d.k. in N,O-satd. soln. contg. 81A 
Ni(Me2Pyo[14]aneN4)2+ and low [Br-1; 
pKa = 4. The product eliminates water 
to produce 
Ni(Me2Pyo[14]aneN4)(OH)2+ . 
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TABLE IS. Rate constants for nickel transients ~Continued 

'~=l==~============================~~================================================== 
~:N(i.c,'Reaction k(L moFl s-,) pH teC) "Method Comment Ref. 

1.$.s7,HYdro:xy~a:"~,12-dimethyl .. 3,7 ,11,17 .. tetraazabjcycIo[11.3.1]heptadeca~ 1 (17);13,lS.trienenickel(ID) ion 

,"1557.1. . Hydroxide ion 

~. Ni(Me2Pyo[l4]aneN 4)(OH)2+ + Olr -4 

·~~(Me2pyo[14]AneN4-H)(OH)+ ... H20 
1.4 X 107 8.5-

10.5 
p.r. D.k. at 550 run in N20-satd. soIn. contg; 81AI44 

10-4 rnnlL-1 Ni(Me2Pyn[14]aneN4)2+ 
and 0.01 mol L -1 Bf. Rate constant for 
deprotonation ofligand estimated.tobe 
70 s-1 at pHS; 8; k = 1.5 X 107 L mOrl 
~-1 in N20..;liAtrl.~nln. cnntg. SC~ 
[82AI06]. 

, 5.58 Aquabromo-0;-2,12.dimethyl-3,7 ,11,17 -tetraazabicyclo[11.3.1 ]heptadeca-l(17),13,IS.trienenickel(Ill) ion 

15$8~1·.·· Hydroxide ion 

····Ni(MezPyo[14]aneN4}(H20)Br+ + 
OIr~Ni(Me2pyo[14]aneN4)(bH)2+ + 

-6.1 X 109 5.5 
8.7 

p.r. D.k.in unbufferedN20-satd. soln. 81Al44 
-5.2 X 109 contg. 10-4 mol L-1 

Bi"-... H20 Ni(Me2Pyo[14]aneN,l+ and (5-25) x 
10-3 mol L -1 Br". Reaction.is faster in 
solution buffered at pH 5':'9 with 
phosphate or tetraborate. Dependence 
on pH and [buffer] is complex. 

15.58.;2' Water 

-•. ' Ni(MezPyo[l4]aneN4)(H20 )BJf+ + 
. HiO -4 Ni(Me2pyo[14]ane~4)(H20h3+ 

<4.0 p.r. D.k. at 320 nm inN20:"satd.soln; contg.. 81Al44 
Ni(Me2Pyo[14]aneN4)2+ and B(; kr = 

fBr- . 2.6 x IUs L mOlls 1. . 

;lS~9 '. ··Aqua,;,0;-2,12-dimethyl.3,7 ,11,17 ~ tetraazabicyclo[11.3.1]heptadeca-l(17),13,lS-triene( thiocyanato )nickel(llI) ion 

,i~.59.1 ... <·Aqua-a.2,12-.dillJ.e~~YI-3,7,11,l7-tetra.azabicyclo[11.3.1]beptadeca-l(17),13,lS-triene(thiocyanato)nickel(Dl) ion 

'Ni(Me2Pyo[14]aneN4)(H20)SCN2+ + 6.5 x 105 3.2 p.r. D.k. in N20-satd. soln. contg. 
_ Ni(MezPyo[14]aneN4)(H20)SCN2+ -': Ni(Me2Pyo[14]aneN4)2+ and seN-. 

15.60 a-2,12-Dimethyl-3, 7 ;11,17 -tetraazabicyclo[11.3.1]heptadeca-l (17),2,11,13,IS-pentaene(hydroxo)Jiickel(1TI) ion 

15.60~1 Hydroxide ion 

82AI06 

Ni(MezPyo[14]trieneN4)(OH)2+ ... Olr 
-:-"Ni(Me2Pyo[1 "]trieneN4~H)(OH)+ + 

alk. p.r. D.k. in N20-satd. soln. contg. . 82AI06 
Ni(Mc2P),o[14]tricncN4)2+ and SeN". 

1I20 

lS~61 ,. 0;-2,12-Dimethyl.3,7 ,11,17 -tetraazabicycIo[11.3.1]heptadeca-l(17),2,11,13,lS-pentaenebis(hydroxo )nickel(1TI) ion 

'15.61.1 Hydroxide ion 

Ni(Me2Pyo[l4]trieneN4)(OH)z+ + Olr 
-4 Ni(Me2Pyo[14]trieneN4-H)(OH)2 + 
H20 

alk. p.r. D:k. in N20-satd, soIn. contg. 82AI06 
Ni{Me2Pyo[14]trleneN4i+ andSCN". 

lS~62 . Aquabromo-0;-2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[11.3.1]heptadeca-l(17),2,1l,13,IS-pentaenenickel(Ill) ion 

15.62.1 Aquabromo-a-2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[II.3.1]heptadeca-l(I7),2,1l,13,IS-pentaenenickel(ID) ion 

Ni(Me2Pyo[14JtrieneN4)B?+ + 1.1 x 107 3.2 p.r. D.k. in N20-satd. solD. contg. 
Ni(Me2Pyo[14JtrieneN4)B?+ -4 Ni(Me2Pyo[14JtrieneN4)2+ and Br-. 

82AI06 

1 S.63. Aqua .. a-2,12-dimethyJ.3,7 ,11,17 .tetraa2abicyclo[11.3.1]heptadeca.l(17),2,11,13,1S-pentaene( thiocyanato )nickel(Ill) ion 

IS.63.1 Aqua-a-2,12-dimethyl-3,7 ,11,17 -tetraazabicycio[11.3.1]heptadeca.l(17),2,11,13,IS-pentaene(thiocyanato)nickel(Dl) ion 

Ni(Me2Pyo[14]trieneN4)(H20)SCN2+ + 5.0 x 107 3.2 p.r. p.k. in N20-satd. soln.contg. 82AI06 
Ni(Me2Pyo[14]trieneN4)(H,O)SCN2+ Ni(Me2Pyof14ltrieneN4)2+ and SC~. 
-'+ 

15.63.2 Thiocyanate ion 

Ni(Me2Pyo[14 ]trieneN4)(H20 )SCN2+ + 
SCN"-,: H20 + 
Ni(Me2Pyo[14]trieneN4)(SCNh + 

3.2 p.r. D.k. in N20-satd. soln. contg. 82AI06 
Ni(Me2Pyo(14]trleneN4)2+ and SC~; 
~= 3 X 103 s-l. 

.I PhVR. ChAm.AAf. Data. Vol. 24. No. 3.1995 
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TABLE 15. Rate constants for nickel transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

15.64 (X-Z,lZ-Dimetbyl-3, 7,11 ,17 -tetraazabicyc1o[II.3.1 ]beptadeca-l (17),2,11,13,15-pentaenebis( thiocyanato )nickel(llI) ion 

15.64.1 cx:-2,12-Dimethyl-3,7,11,17-tetraazabicyc1o[11.3.1]heptadeca-I (17),2,11,13,15-pentaenebis(thiocyanato)nickel(lI1) ion 

Ni(Me2Pyo[14]trieneN4)(SCN)2 + + 1.6 X 108 3.2 p.r. D.k. in N20-satd. soln. contg. 82A106 
Ni(Me2Pyo[14]trieneN4)(SCN)2+ -+ Ni(Me2Pyo[14]trieneN4)2+ and SC~. 

15.65 Aquabromo-a-2,12-dimethyl-3,7,11,17-tetraazabicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-hexaenenickel(Dl) ion 

15.65.1 Aquabromo-cx:-2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[II.3.1]heptadeca-l (17),2,6,1l,13,15-hexaenenickel(11I) ion 

Ni(Me2Pyo[14]hexaeneN4)(H20)Bf2+ + 6.9 x 107 3.2 p.r. D.k. in N20-satd. soln. contg. 82AI06 
Ni(Me2Pyo[14]hexaeneN4)(H20)Bf2+ Ni(Me2Pyo[14]hexaeoeN4)2+ and Br-. 
-+ 

15.65.2 IIydroxide ion 

Ni(Me2Pyo[14]hexaeneN4)(H20)Bf2+ + 
OR"" -+ Br- + 
Ni(Me2Pyo[14]hexaeneN4)(H20)OH2+ 

p.r. D.k. in N20-satd. solo. cootg. 82A106 
Ni(Me2Pyo[14]hexaeneN4)2+ and Br-; 
kt = -6.9 X 105 Lmol-1 s-1. 

15.65.3 Bromide ion 

Ni(Me2Pyo[14]hexaeneN4)(H20)Bf2+ + 
Br- -+ H20 + 

-8.0 X 105 p.r. D.k. in N20-satd. soln. contg. 82AI06 

Ni(Me2Pyo[l4 ]hexaeneN4)Br2 + 
Ni(Me2Pyo[14]hexaeneN4i+ and Br-; 
kc= - 6 X 103 s-l. 

15.66 Dibromo-a,2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[11.3.1]heptadeca-l(17),2,6,1l,13,15-hexaenenickel(III) ion 

1.5.66.1 Dibromo-cx:,2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[1l.3.1]heptadeca-l(17),2,6,11,13,IS-hexaenenickel(lll) ion 

Ni(Me2Pyo[14]hexaeneN4)Br2 + + 2.8 X 108 3.2 p.r. D.k. in N20-satd. soln. contg. 82AI06 
Ni(Me2Pyo[14)hexaeneN4)Br2 + -l> Ni(Mezpyo[14]hexaeneN4)2+ and Br-. 

15.67 Aqua-a-2,12-dimethyl-3, 7 ,11,17 -tetraazabicyclo[11.3.1]heptadeca-l (17),2,6,11,13,15-bexaene( thiocyanato )nickel(Dl) ion 

15.67.1 Thiocyanate ion 

Ni(Me2Pyo[14]hexaeneN4)(H20)SCN2+ 
+SC~ -+ H20 + 
Ni(Me2Pyo[14]hexaeneN4)(SCNh + 

3.2,7 p.r. D.k. in N20-satd. soln. contg. 
Ni(Me2Pyo[14]hexaeneN4)2+ and 
SCN". 

82AI06 

15.68 a-2,12-Dimethyl-3, 7,11,17 -tetraazabicyclo[11.3.1]heptadeca-l (17),2,6,11,13,15-hexaenebis( thiocyanato )nickel(III) ion 

15.68.1 a-2,12-Dimetnyl-3,7 ,11,17 -tetraazabicyclo[lI.3.1]heptadeca-l(17),2,6,11,13,15-hexaenebls(thlucyanatu )lllckt:l(lll) luu 

Ni(Me2Pyo[14]hexaeneN4)(SCN)2 + + 3.7 X 108 3.2 p.r. D.k. in N20-satd. soln. contg. 
Ni(Me2Pyo[14]hexaeneN4)(SCN}z + -+ Ni(Me2Pyo[14]hexaeneN4)2+ and 

SC~. 

82AI06 

15.69 Bromo-a-2,12-dimethyl-3,7 ,11,17 -tetraazabicyclo[11.3.1]heptadeca-l (17),2,6,11,13,15-hexaenenickel(Dl) ion 

15.69.1 Dibromine radical ion 

Ni(Me2Pyo[14]hexaeneN4)Br2+ + BC2'
-l> Ni(Me2Pyo[14]hexaeneN4)2+ + Br2 + 
Br-

15.70 Ethylenediaminetetraacetatonickelate(Ill) ion 

15.70.1 Water 

3.2 p.r. 

11.4 0.2 f.p.lpi 

Calcd. from d.k. at 360 nm in soln. 82A087 
contg. 4.6 x 10-6 mol L-1 

Ni(Me2Pyo[14]hexaeneN4)2+ and 0.001 
mol L -1 Br- assuming 2k(Br2'- + Br2'-) 
= 4.5 X 109

, lc(Br£- + 
Ni(Me2Pyo[14]hexaeneN4)2+) = 1.1 x 
1010 L mo)-1 S-1. 

D.k. at 300 nm in N20-satd. soln. contg. 91A292 
NiEDTA2- and Na2C03; k = 2 X 103

8-
1 

associated with similar spectral changes 
observed for the product of reaction of 
NiEDTA2- with OH[751135]. 
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TABLE 15. Rate constants for nickel transients - Continued 

;,,, Reaction pH I t(°C) Method Comment Ref. 

1 ~.7() Ethylenediaminetetraacetatonickelate(DI) ion - Continued 

15.70.2 Carbonate ion 

NiEOTA- + C03
2- ~ NiEOTA2- + 8.8 X 104 11.4 0.2 f.p.lpi O.k. at 600 nm in N20-satd. soln. contg. 91A292 

C03'- NiEOTA2- and Na2C03; kr = 4.5 X 107 

Lmol-I s-I. 

1 ".71 Hydroxy( ethylenediaminetetraacetato )nickelate(DI) ion 

15.71.1 First-order reaction 

NiEOTA(OH)2- ~ Ni(EOTA-H)2- + 1.4 X 102 s-I 11.4- f.p.lpi 91A292 
H2O 13 

1~.72 Aqua( ethylenediaminetetraacetato )nickelate(1D) ion 

1.5.72.1 Iodide ion 

NiEOTA(H20)- + r ~ * 5.5 X 105 11.4 0.2 f.p.lpi O.k. at 300 nm in N20-satd. soln. contg. 
NiEOTA 2- and Na2CO~. 

91A292 

* 1.3 x 103 4-9 p.r. O.k. at 300 nm in N20-satd. soln. contg. 
NiEOTA 2- and r. 

751135 

* Unexplained discrepancy in these 
data. 

15.72.2 Oxygen 

NiEDTA(H20)- + O2 ~ 6.5 X 102 p.r. O.k. at 300 nm in N20-satd. soln. contg. 
NiEDTA2

- and 02' 
751135 

1:-.73 Dioxonickel(IV) ion 

15.73.1 First-order reaction 

Ni02 + ~ Ni2+ + O2'- 780 s-I 5.7 25 p.r. Estd. from p.b.k. (nitroform anion) in 761134 
soln. contg. (5-100) x 10-3 mol L-I 

Ni2+, (31.8-106.4) x 10-6 mol L-I 

tetranitromethane, 1 mol L-I tert-
BuOH and (2.6 or 13) x 10-4 mol L-I 

°2' 

15.74 Dioxonickel(IV) ion, protonated 

15.74.1 First-order reaction 

Ni02H2+ ~ Ni2+ + H02' ~28oo s·1 3.0 25 p.r. Estd. from p.b.k. (nitroform anion) in 761134 
solo. cootg. (5-100) x 10-3 mol L-I 

Ni2+, (31.8-106.4) X 10-6 mol L-I 

tetranitromethane, 1 mol L -I ter!-
BuOH and (2.6 or 13) x 10-4 mol L-I 

02: pK,,= 3.2. 

J. Phvs. Chern. Ref. Data. Vol. 24, No.3, 1995 
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TABLE 16. Rate constants for osmium transients 

No. Reaction pH t(°C) Method Comment Ref. 

16.1 Tris(2,2'-bipyridine)osmium(1D) ion 

16.1.1 Iron(ll) ion 

Os(bpYh3+ + Fe2+ ~ Os(bpYh2+ + Fe3+ 1.4 X 104 -0 20 f.p.loq Calcd. from current-time curve; soln. 80E224 
contg. 0.5 mol L -1 H2S04' 3 )(. 10-4 llJul 
L-1 Os(bpyh2+ and [Fe2+] = [Fe3+] (OQ). 

16.2 Tris(5,5'-dimethyl-2,2'-bipyridine)osmium(Ill) ion 

16.2.1 Iron(Il) ion 

Os(5,5'~Me2bpYh3+ + Fe2+ ~ 1.0 x 103 -0 20 f.p.loq Calcd. from current-time curve; soln. 80E224 
Os(5,5'~Me2bpYh2+ + Fe3+ contg. 0.5 mol L-1 H2S04, 3 X 10-4 mol 

L-1 Os(S,S'.Me2bPYh2+ and [Fe2+] = 
[Fe3+] (OQ). 

16.3 Tris(I,1 0-phenanthroline )osmium(Ill) ion 

16.3.1 Iron(ll) ion 

Os(phen) 3+ + Fe2+ ~ Os(phen) 2+ + 1.1 X 104 -0 20 f.p.loq Calcd. from current-time curve; soln. 80E224 3 3 3 
Fe+ contg. 0.5 mol L-1 H2S04• 1.5 X 10-4 

mol L-1 Os(phenh2+ and [Fe2+] "" [Fe3+] 
(OQ). 

16.4 Tris( 5-chloro-l,1 O-phenanthroline )osmium(Ill) ion 

16.4.1 Iron(Il) ion 

Os(5-Clphenh 3+ + Fe2+ ~ 7.0 X 104 -0 20 f.p.loq Calcd. from current-time curve; soln. 80E224 
Os(5-Clphenh 2+ + Fe3+ contg. 0.5 mol L -1 H2S04• 2 X 10-4 mol 

L"1 Os(5-Clphenh2+ and [Fe21 = [Fe3+] 
(OQ). 
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TABu:: 17. Rate constants forlead transients 

. .;1H:~;-::'" 

Nii, Reaction k(Lmol-1 s-.I) pH t(°C) Method Comment Ref. 

n.1 Lead atom 

.7.1.1 Lead atom 

Pbo + Pbo --+ Pb2 7.5 X 108 5.4 p.r. D.k. at 300 om and 660 om in Ar-satd. 92A206 
soln. contg. 2 x 10-4 mol V-I Pb(CI04h 
and 2 x 10-3 mol L -1 format~. Species 
could be Pbl+. 

17.1.2 Silver(l) ion 

Pbo + Ag+ --+ PbAg+ 8.2 X 108 4 p.r. D.k. at 660 om in soln. contg. 1 x 10-4 
mol L-1 Pb2+, 0.01 mol L-1 fonnate and 

92A348 

varied fAg1. Value obtained from 
computer fit. 

17.2 Lead(1) ion 

17.2.1 Lead(l) ion 

Pb+ + Pb+ --+ Pbo + Pb2+ 4.1 X 109 5.4 p.r. P.b.k. at 660 om in Ar-satd. soln. contg. 92A206 
1 x 10-4 to 0.5 mol L-1 Pb(CI04h and 2 
x 10-3 mol L -I fonnate; p.b.k. at 300 om 
gave k = 2.8 X 109 L mo)-1 s-l. 

17.2.2 Oxygen 

Pb+ + O2 --+ Pb2+ + O2'- 3.9 X 109 p.r. D.k. in soln. contg. Pb2+. 66AOOI 

.J7.2.3 1,4-Benzoquinone 

Pb+ + Q --+ Pb2+ + Q'- 4.1 X 109 6.3 25 p.r. P.b.k. at 430 nm in soln. contg. Pb(II) 761134 
acetate and 1 mol L-1 tert-BuOH. Pb+ 
may be complexed to acetate. 

J7.2.4 2-Methyl-l,4-naphthoquinone 

Pb+ + 2-CH3NQ --+ Pb2+ + 3.7 X 109 7 p.r. P.b.k. in soln. contg. 5 x 10-3 mol L-1 751032 
[2-CH3NQr- Pb(CI04h, 5 x lO-s mol L-1 2-CH3-NQ 731047 

arid 1 mol L -1 tert-BuOH. 

t7.3 Lead (I) 

17.3.1 Hexaamminecobalt(lll) ion 

Pb(I) + Co(NH3)63+ --+ Pb(II) + 5.6 x 107 0.06 29 p.r. O.k. at 315 nm in Ar-satd. soln. contg. 78A206 
Co(NH3)l+ 0.02 mol L-1 PbC12, 0.001 mol L-1 

MeOH and 1.5 x 10-4 mol L-1 

CO(NH3)63+. 

17.3.2 Pentaammine(aqua)cobalt(lll) ion 

Pb(I) + Co(NH3)s(H20)3+ --+ Pb(II) + 2.3 x 108 0.06 29 p.r. D.k. at 315 om in Ar-satd. soln. contg. 78A206 
Co(NH3)s(H20)2+ 0.02 mol L-1 PbCI2, 0.001 mol L-1 

MeOH and 1.5 x 10-4 mol L-1 

Co(NH3)s(H20)3+ . 

17.3.3 Pentaammine( chloro )cobalt(lll) ion 

Pb(I) + Co(NH3)SC12 ... ~ Pb(Il) + 2.6 x 108 0.06 29 p.r. O.k. at 31~ om in Ar-satd. soln. contg. 78A206 
Co(NH3)sCI+ 0.02 mol L-1 PbCI2, 0.001 mol L-1 

MeOH and 1.5 x 10-4 mol L-1 

Co(NH3>SCI2+ . 

17.3.4 Pentaammine(bromo )cobalt(lll) ion 

Pb(I) + Co(NH3)sB~+ --+ Pb(II) + 4.8 x 108 0.06 29 p.r. O.k. at 315 nm in Ar-satd. soln. contg. 78A206 
Co(NH3)sBr+ 0.02 mol L-1 PbCI2, 0.001 mol L-1 

MeOH and 1.5 x 10-4 mol L-1 

Co(NH3)sB~+. 

]7.3.5 Tetraamminediaquacobalt(llI) ion 

Pb(I) + Co(NH3)iH20)l+ --+ Pb(II) + 3.0 x 108 0.06 29 p.r. O.k. at 315 nm in Ar-satd. soln. contg. 78A206 
Co(NH3)iH20h2+ 0.02 mol L-1 PbCI2, 0.001 mol L-1 

MeOH and 1.5 x 10-4 mol L-1 

Co(NH3MH20 h 3+. 
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TABLE 17. Rate constants for lead transients - Continued 

No. Reaction pH I t(°C) Method Comment Ref. 

17.3 Lead(1) - Continued 

17.3.6 Trinitrotrisamminecobalt(lll) 

Pb(I) + Co(NH3MN02h ~ Pb(II) + 
Co(NH3h(N02h -

0.06 29 p.r. 

17.3.7 Tris(ethylenediamine)cobalt(III) ion 

Pb(I) + Co(enh3+ ~ Pb(II) + Co(enh2+ 7.9 x 107 0.06 29 p.r. 

17.3.8 Trioxahltocobaltat .. (III) ion 

Pb(I) + CO(C20 4h3- ~ Pb(lI) + 
CO(C20 4h4-

6.0x 108 0.06 29 p.r. 

17.4 Tetrakis(1.methylpyridinium-4-yl)porphinatolead(D) radical cation 

17.4.1 Tetrakis(1-methylpyridininm-4-yl)porphinatolead(l1) radieal {,Ation 

[PbTMpyp],5+ + [PbTMpyp],5+ ~ 5.4 x 107 9 
PbTMpyp4+ + PbTMpyp6+ 

17.5 Tetrakis(1-methylpyridinium-3-yl)porphinatolead(ll) radical cation 

17.5.1 Tetrakis(l-methylpyridinium-3-yl)porphinatolead(ll) radical cation 

[Pb(3-TMpyp)r5+ + [Pb(3-TMpyp)r5+ 7.4 x 107 9 
~ Pb(3-TMpyp)4+ + Pb(3-TMpyp)6+ 

p.r. 

p.r. 

17.6 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphlnatoplumbate(II) radical cation 

17.6.1 5,10,15,20-Tetrakis( 4-snlfonatophenyI)porphinatoplumbate(ll) radical cation 

[PbTPPSr3- + [PbTPPSr3- ~ 1.6 x lO7 7 p.r. 

17.7 Lead(Ill) 

17.7.1 Lead(III) 

Pb(III) + Pb(III) ~ Pb(II) + Pb(IV) 

17.8 Dihydroxylead(Ill) ion 

17.S.1 Dihydroxylead(lll) ion 

Pb(OHh + + Pb(OHh + ~ Pb(OHt + 
Pb(OHh+ 

17.9 Tetrahydroxyplumbate(Ill) ion 

17.9.1 Tetrahydroxyplumbate(llI) ion 

Pb(OH)4 - + Pb(OH)4 - ~ Pb(OHh - + 
PbO(OHt + H20 + 2 OIr 

4.8 X 108 

3.5 x 109 

<0 p.r. 

5-7 p.r. 

11.4 p.r. 

D.k. at 315 and 275 nm in Ar-satd. soln. 78A206 
contg. 0.02 mol L -I PbCI2, 0.001 mol 
L -I MeOH and 1.5 x 10-4 mol L-1 

Co(NH3h<N03h· 

D.k. at 315 nm in Ar-satd. soln. contg. 
0.02 mol L-1 PbC12, 0.001 mol L-1 

MeOH and 1.5 x lO-4 mol L-1 

Co(enh3+. 

D.k. at 315 nm in Ar-satd. soln. contg. 
0.02 mol L -1 PbCI2, 0.001 mol L-1 

MeOHand 1.5 x 10-4 mol L-1 

CO(C20 4)l-· 

78A206 

78A206 

D.k. at 750 nm and p.b.k. at 425 nm in 86A241 
N20-satd. solo. contg. PbTMpyp4+ and 
0.01 mol L -I KBr; unclear whether k or 
2k. PbTMpyp6+ represents a Pb(IV) 
species; subsequent decay of the Pb(IV) 
species occurs with k = 0.93 and 2 s-I at 
pH 9 and 12, respectively. 

D.k. at 750 nm and p.b.k. at 425 nm in 86A241 
N20-satd. soln. contg. Pb(3-TMpyp)4+ 
and 0.01 mol L-1 KBr; unclear whether k 
or 2k. Pb(3-TMpyp)6+ represents a 
Pb(IV) species; subsequent decay of the 
Pb(IV) species occurs with k = 0.93 and 
2 s-I at pH 9 aod 12, respectively. 

D.k. at 700 om in N20-satd. solo. cootg. 86S 115 
0.01 mol L-1 KBr. 

D.k. io soln. cootg. 11 mol L-1 HCI and 84A446 
Pb(II) and Pb(IV). 

D.k. io N20-satd. solo. cootg. Pb(CI04h. 90A095 

D.k. at 280 om aod condy. change io 
N20-satd. solo. cootg. Pb(OHh-. 

90A095 
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TABLE 17. Rate constailts:iorlead transients: ...;.;.. ,Continued 

"""""~'';:'~'; ::i::==========:::::::========================= 
k(L IDol-IS-I) • "pH ~ion I teC) "Method Comment Ref. 

i~~0,~.·~~~'~~--~--~-----------------~------------~-----------~--------------~~---~--~-------------------
"11'~<:ttettahydroxyplumbate(Ill) ion Continued 

;':-..... , 

';~f:::" 

, ',~"Methyl';2.prop8nol 

~.fb(Oli)4'- + tert-:-BuOH -+ 

,,~.,:.,2.Propanor 
~·;flb(OH)4-+2';PrOH+OIr -4 

l'Jib(OHh - '+ (CH3hCO- + 2H:zO 

;~l,.\HYdroxy( oxo)lead(1V) ion 

,., .l~ 'Hy~oxicleJon 

t:i/rPbo(d~)-+;+OIr-+PbO(OH)2' 

5.0x lOS 13 

13 

11.4 

p.r. 

,,(-r. 

p.r. 

D.k. at 280 run in Ar-satd. soln. contg. 90A095 
Pb(OH)i- and 0.02-0.1 molL-ltert-
BuOR. 

Estd. from yield of Pb(OHh - formed by 90A095 
a chain reaction in soln. contg. 2.2 x 
10-4 mol L-t Pb(OH)62- and 0.1 mol L-1 

2-PrOH. 

Condy. change in N20-satd. soln. contg. 90A095 
5 x 10-4 mol L -I Pb(OHh -; k = 5 X lOll 

L morl s-I was derived for subsequent 
dimerizationof the product. 
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TABLE 18. Rate constants for palladium transients 

No. Reaction pH I teC) Method Comment Ref. 

18.1 Palladium(1) ion 

18.1.1 Palladium (III) ion 

Pd+ + Pd3+ -+ 2 Pd2+ 

18.2 Bis(hydroxyprolinato )palladate(1) ion 
18.2.1 Bis(hydroxyprolinato)palladate(I) ion 

Pd(HypOh- + Pd(HypO)£ -+ 1.4 x 108 

o p.r. 

6.0 p.r. 

18.3 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatopalladate(II) radical anion 

18.3.1 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatopalladate(Il) radical anion 

[PdTPPSr 5- + [PdTPPSr5- -+ 2.4 x 107 6.8 p.r. 
1.3 x 108 12 

D.k. at 250 nm and 290 nm in Ar-satd. 94A21O 
soln. contg. 1 mol L-l HCI04 and (5-10) 
X 10-5 mol L-1 Pd(CI04h. In N20-satd. 
soln. a slower reaction was also 
observed, k - 4 X 107 L mol-1 s-l, 
suggested to represent Pd3+ + Pd3+ 
and/or Pd3+ + H20 2. 

D.k. at 260 nm in Nrsatd. soln. contg. 93A224 
0.5 mol L-1 tert-BuOH and Pd(HypOh. 
Unclear whether k or 2k. 

D.k. in Nrsatd. soln. contg. 0.1 mol L-1 83C026 
2-PrOH and PdTPPS4-. Reaction 
suggested to be disproportionation, IlG = 
31 kJ mol-I, 
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TABLE 19. Rate constants for platinum transients 

~~.~~.=============================================================================================== 
Nt,!, Reaction k(Lmol-! s-l) pH I WC) Method Comment Ref. 

l~.l Triammineaquaplatinum(1) ion 

19.1.1 Water 

Pt(NH3h(H20)+ + H20 -+ 4.2 X 104 s-1 4.1- -23 p.r. D.k. in soln. contg. Pt(NH3>l+ and 81A353 
Pt(NH3>2(H20 h + + NH3 7 alcohol; average of two values obtained 

from optical and conductivity 
measurements. Reaction preceded by 
rapid release ofNH3. 

1.2 x 104 8-1 11.4 -23 p.r. D.k. in soln. contg. Pt(NH3)l+ and 2.0 81A353 
mol L-1 2-PrOH; condy. decrease gave k 
= 1.2 X 104 s-l; implies pKa of product 
-11. 

19.2 cis-Diamminedichloroplatinate(1) ion 

19.2.1 Water 

ds-Pt(NII3hC12 - + H2O ~ 1.3 x 106 5-1 6-8 p.r. P.b.k. at 390 nm in <wacmtcd soln. contg. 85A090 
cis-Pt(NH3hCl(H20) + Cl- (0.25-1) x 10-3 mol L-1 cis-Pt(NH3hCI2, 

0.1 mol L-l NaCI and 1.0 mol L-l tert-
BuOH; for loss of second Cl-. k = 380 S-I; 

subsequent second-order decay (k = 5.5 x 
107 L mol-l S-I) may represent 
disproportionation of product. 

J9.3 tTans-Diawmill~dicbJoroplatillate(1) iOIl 

19.3.1 Water 

trans-Pt(NH3hCI2- + H2O-+ 3.1 X 104 s-1 p.r. P.h.k. at 390 run in deaerated soln. contg. 85A090 
trans-Pt(NH;,hCl(HzO)..j. Cl- tran.S'~Pt(NH;,hC12' 0.1 mol L -1 NaCl and 

1.0 mol L -1 tert-BuOH; for loss of second 
Cr,k= 870 s-l. 

19.4 Tetrabromoplatinate(1) ion 

19.4.1 First-order reaction 

PtBrl- -+ 3.2 x 103 8-1 2 p.r. D.k. at 320 run in Ar-satd. soln. contg. 92A259 
0.01 molT ,-1 Hf:l04 > tprt-RnOH ann 
PtBr/-. 

19.5 Tetrachloroplatinate(1) ion 
19.5.1 Tetracbloroplatinate(l) ion 

Ptcll- + PtC14
3- -+ 2.1 X 109 p.r. D.k. at 310 nm in deaerated so)n. contg. 690144 

(0.25-1.0) x to-4 mol L-1 PtcIl- and 
0.002 mol L-1 MeOH; k = 1.6 X 109 L 
morl s-1 in the presence of 0.1 mol L-1 

KCI and 0.002 mol L -1 MeOH; k = -1.3 X 

109 L morl s-1 in the presence of 0.005 
mol L-1 H:lSO-1 ~d 0.001 mol L-l 

MeOH. 

19.6 Tetracyanoplatinate(1) ion 
19.6.1 Nitrous oxide 

Pt(CN)l- + N20 -+ 1.8 X to7 p.r. D.k. at 360 nm in soln. contg. 5 x 10-4 690144 
mol L-1 Pt(CN)42-, 0.001 mol L-1 NaOH, 
0.01 mol L-l MeOHand (1.2-2.4) x 10-4 
mol L-1 N2O. 

19.6.2 Oxygen 

Pt(CN)43- + O2 -+ 3.5 X 109 p.r. D.k. at 360 nm in soln. contg. 5 x 10-4 690144 
mol L-1 Pt(CN)/-, 0.001 mol L-1 NaOH, 
0.01 mol L-l MeOH and (9-18) x 10-6 
molL-l 02' 
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TABLE 19. Rate constants forplatirium transients - Continued 

No. Reaction teC) Method Comment Ref. 

19.7 Bis( ethylenediamine )platinum(1) ion 

19.7.1 Bis(ethylenediamine)platinum(l) ion 

Pt(enh + + Pt(en)2 + -+ 4.5 X 108 

19.8 Chloro( diethylenetriamine )platinum(1) 

19.8.1 First-order reaction 

Pt(dien)Cl -+ 

19.9 cis-Bis(glycinato)platinate(1) ion 

19.9.1 cis-Bis(glycinato)platinate(l) ion 

cis-Pt(GIyh - + cis-Pt(GlYh - 4> 

19.10 trans-Bis(glycinato)platinate(1) ion 
19.10.1 trans-Bis(glycinato)platinate(l) ion 

4.2 X 109 

trans-Pt(Glyh- + trans-Pt(Glyh- -+ 4.2 x 109 

19.11 Bis(ethylenediamine)platinum(ll), H reaction product 
19.11.1 Bis(ethylenediamine)platinum(1I), H reaction product 

Pt(enh2+/H + Pt(enh2+/H -+ 1.4 x 108 2-3 

19.12 Chloro(diethylenetriamine)platinum(ll), H reaction product 

19.1~~1 Chloro(diethylenetriamine)platinum(lI), H reaction product 

Pt(dien)Cl+/H + Pt(dien)Cl+/H 4> 3.4 x 109 2-3 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

19.13 Chloro( tetraethyldiethylenetriamine )platinum(ll), H reaction product 
19.13.1 Chloro(tetraethyldiethylenetriamine)platinum(II), H reaction product 

Pt(Et4dien)Cl+/H + Pt(Et4dien)Cl+/H -+ 6.6 x lOlD 2-3 p.r. 

D.k. at 300 nm in soln. contg. -1.1 x 10-4 751188 
mol L-1 Pt(enh2+ and 0.1-0.5 mol L-1 2-
PrOH or 1.24 mol L-1 MeOH; unclear 
whether k or 2k. 

D.k. at 260-400 nm in soln. contg. -1.6 or 751188 
-2.3 x 10-4 mol L-1 Pt(dien)Cl+ and 0.1-
0.5 mol L-1 2-PrOH or 1.24 mol L-1 

MeOH; reaction may represent 
substitution of Cl- by H20. Product 
disappears by second-order kinetics, k = 
2.3 X 107 L mol-1 S-l; unclear whether k 

or2k. 

D.k. at 250-310 nm in deaerated soln. 771053 
contg. 4.5 x 10-5 mol L-1 cis-Pt(G1Yh 
and 1.0 mol L- 1 2-PrOH; unclear whether 
kor2k. 

D.k. at 250-270 run in deaerated soln. 771053 
contg. 3.0 or 4.5 x 10-5 mol L -1 trans-
Pt(GlYh and 1.0 mol L-1 2-PrOH; unclear 
whether k or 2k. 

D.k. at 420 nm in soln. contg. 4.1 x 10-4 751188 
mol L-1 Pt(enh2+~0.1-1 mol L-1 tert-
BuOH amI 0.001-0.01 mol L-1 HCI04; 
unclear whether k or 2k. 

D.k. at 410 run in soln. contg. 3.1 or 4.2 x 751188 
10-4 mol L-1 Pt(dien)Cl+, 0.1-1 mol L-1 

lert-DuOH and 0.001-0.01 mol L-l 
HCI04; unclear whether k or 2k. 

D.k. at 290 run in soln. contg. 1.0 and 1.9 751188 
x 10-4 mol L -1 Pt(Et4dien)Cl+, 0.1-1 mol 
L-1 tert-BuOH and 0.001-0.01 mol L-1 

HCI04; unclear whether k or 2k. 
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TABLE 19. Rate constants for platinum transients - Continued 

.~ t I Reaction 

I C) .14 cis-Bis(glycinato )platinum(II), H reaction product 

\C).14.1 First-order reaction 

cis-Pt(GlyhlH ~ 2 

19.15 trans-Bis(glycinato)platinum(m, H reaction product 

1'>.15.1 First-order reaction 

trans-Pt(Glyh/H ~ 2 

19.16 Octahydrogen tetrakis(J..l-diphosphito)diplatinate(I)(ll) ion 

19.16.1 First-order reaction 

[Pt2(P20sH22')4]S- ~ 

J 9.17 Tetraamminehydridoplatinum(III) ion 

19.17.1 First-order reaction 

19.18 Tetraammine(aqua)hydroxyplatinum(1D) ion 

19.18.1 First-order reaction 

Pt(NH3)4(H20)(OH)2+ ~ 

19.18.2 Hydrogen ion 

Pt(NH3MH20)(OH)2+ + H+ ~ 
Pt(NH3)iH20}z 3+ 

7.0x 109 

6.8 

1.1-
2.9 

1.1-
2.9 

3.3-
10.2 

<5.6 

t(°C) Method Comment Ref. 

-25 p.r. 

-25 p.r. 

p.r. 

-23 p.r. 

-23 p.r. 

-23 p.r. 

-23 p.r. 

D.k. at 250·310 nm in deaerated soln. 
contg .. -1 x 10-4 mol L -I cis-Pt(Gly)z, 

0.01 mol L-1 HCI04 and 0.5 mol L-1 

tert-BuOH. 

771053 

P.b.k. at 320-370 nm in deaerated soln. 771053 
contg. (1.5-10) x 10-5 mol L-1 trans-
Pt(Glyh, 0.01 mol L -1 HCI04 and 0.5 
mol L-1 tert-BuOH. A subsequent first-
order decay observed at 250-360 nm, k = 
6.4 y. 103 s-I. 

D.k. at 420 nm in Nrsatd. soln. contg. 5 x 84A241 
10-5 mol L -I Pt2(Pj 'o5RZ 2)44-, 1% tert-
BuOH and 2 x 10- mol L-1 phosphate 
buffer. 

D.k. in soln. contg. (0.15-2.45) x 10-4 mol 81A353 
L -1 Pt(NH3)/+ and 0.1-2.0 mol L -1 tert-
BuOR; no condy. change observed on the 
same time frame suggests reaction may 
represent rearrangement of the hydride. 

Rearranged hydride; p.b.k. below 400 nm 81A353 
in soln. contg. tert-BuOH; average of two 
value~ obta.ined from optical and condy. 

measurements; reaction may represent 
loss ofNH3• 

D.k. or p.b.k. at different wavelengths in 82A074 
N20-satd. soln. contg. Pt(NH3)/+. 
Average of two values obtained as 
intercepts from pH studies. Reaction may 
represent H20 elimination to give 
Pt(NH3h(NH2)2+ in competition with 
protonation or deprotonation of 
Pt(NH3)4(H20)(OH)2+ to give 
Pt(NH3)4(H20h3+ or Pt(NH3MOHh +, 
respecti vel y . 

P.b.k. at 340, 350 and 510-540 nm in 82A074 
N20-satd. soln. contg. -6 x lO-4 mol L-1 

Pt(NH3)/+ and varied [Hi; reaction in 
competition with H20 elimination to give 
Pt(NH3h(NH2)2+; kr = 3 X 103 s-1; pKa of 
Pt(NH3)iH20)l+ = -6.4, -9.8. 
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TABLE 19. Rate constants forplatinumtransients,---... Continued 

No. Reaction 

19.18 Tetraammine(aqua)hydroxyplatinum(Ill) ion - Continued 

19.18.3 Hydroxide ion 

Pt(NH3)4(H20)(OH)2+ +OH- ~ 
Pt(NH3)4(OHh + + H20 

19.19 Tetraamminebis(hydroxy)platinum(llI) ion 

19.19.1 First-order reaction 

19.20 Tetraam~nebis(aqua)platinum(lD) ion 

19.20~1 Tetraamminebis(aqua)platinum(DI) ion 

Pt(NH3)4(H20h3+ + Pt(NH3)4(H20h3+ 1.4 X 106 

19.20.2 Chloride ion 

Pt(NH3)4(H20h3++ 0- ~ 
Pt(NH3)4(H20 )CI2+, + H20 

19.21 Tetraammineplatinum(II), Cl£- reaction product 

19.21~1 First-order reaction 

Pt(NH3)/+/CI2'- -+ 

7-
9.6 

8.7 

3.3 

3.35, 
3.7 

0.3 

19.22 cis-Diamminedichloroplatinum(D),OH reaction product 

19.22.1 First-order reaction 

19.23 trans-Diamminedichloroplatinum(m, OH reaction product 

19.23.1 First-order reaction 

t(°C) Method 'Comment Ref. 

-23 p.r. 

-23 p.r. 

-23 p.r. 

-23 p.r. 

p.r. 

p.r. 

p.r. 

D.le. at 270-290 nm, p.b.k. at 340-530 nm 82A074 
and decrease incondy. in N20-satd.,soln; 
contg. Llor 5.0 x 10-4 mol L-1 

Pt(NH3)l+;effect of [OHl;reaction in 
competition with H20 elimination to give 
Pt(NH3h(NH2i+; kr = 5 x 105 S-1; pKa of 
Pt(NH3)4(HiO)(Ol!)2+ :::~9,a. 

Apsorption and condy. change in soln. 82A074 
contg. tert-BuOH and trans-
Pt(NH3)4(OHh2+. Reaction may represent 
competition between NH3 elinunation 
and proton transfer from water to give 
Pt(NH3)4(H20h3+, 

D.k. at 260 nmand increaSeincondy. in 82A074 
N20-satd. soln. contg. Pt(NH3)l+; pKa of 
Pt(NH3>4(H20)l+::: 4>.4, -9.8. 

, P.b.k. at 270 nm in N20~satd.' soln.contg. 86A017 
Pt(NH3)l+ and 1 or 4 x 10-5 mol L-1Cr; 
product decays by second-order kinetics 
with k = 7.5 X 106 L morl S-1. 

D.k. at 270 nm in He-satd. soln. contg. 2 86A017 
7'10-4 mol L-1 Pt(NH3)42+ and 0.5 mol 
L-1 HCl. Reaction may represent 
equilibration between Pt(NH3)4CI2 + and 
Pt(NH3)4(H20)CI2+; a subsequent 
complex decay hasbeei1apprOximatCd-to 
a second-order decay, k-lx ufLmor' 
8-1 at 270 nm. 

D.k. in N20-satd.801n. contg. cis- 85A09O 
Pt(NHjhC12 ;reaction l1UI.y represent loss 
of one Cn for loss of second Cl-,'k = 370 
s-l. Product decays by second-order 
kinetics, probably disproportionation, k = 
1.8 x 107 L mol-1 g-I. 

D.le. in NzO-satd. soln. contg. trans- 85A090 
Pt(NH3}zCI2; reaction may represent loss 
of oneCr; for loss of second cr, k = 810 
s-I.Product deca.ys by second-orner 

kinetics, probably disprop~rtionation, k = 
8 X 107 Lmor1 8-1• 
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TABLE 19. Rate constants for platinum transients - Continued 

~~:.====================================================================================== 
'Hi), Reaction k(Lmo.-:l S-I) pH I teC) Method Comment Ref. 

1;.24 cis-Dichiorobis(isopropylamine)-trans-dihydroxyplatinate(llI) ion 

19.24.1 First-order reaction 

19."25' Tetrachioroplatinate(ll), Cl2" reaction product 

'J9.25.1 First-order reaction 

PtCll-ICI2'- -+ 

19.25.2 Copper(lI) ions 

Ptcll-ICI2'- + Cu(II) -+ 

19.26 Hexacbloroplatinate(llI) ion 

19.26.1 Water 

Ptcll- + 2 H20 -+ PtC14(H2O)(OH)2-
+H++2 cr 

19.27 Pentachloroplatinate(Ill) ion 

19.27.1 First-order reaction 

Ptcll- -+ 

* 

19.28 Aquapentachloroplatinate(Ill) ion 
19.28.1 Water 

PtCls(H20)2- + H20 -+ PtCl4(H20h - + 
Cl-

1.5 x 108 

4.8 X 105 8-1 

0.3 

0.3 

4.4, 
5.1 

5-9 

2 

2.6 

3.0-
4.4 

p.r. 

-25 p.r. 

0.5 -25 p.r. 

20-28 p.r. 

-20 p.r. 

f.p. 

20-28 p.r. 

f.p. 

P.h.k. at 390 run in deaerated soln. contg. 85A090 
cis-PtCI2(OHM2-PrNH2) and 1.0 mol L-l 

tert-BuOH; reaction may represent loss of 
one Cl-; for loss of second cr, k = 1200 
5-1. Product decays by second-order 
kinetics, probably disproportionation, k = 
6.5 X 106 L mol-Is-I . 

O.k. in soln. contg. PtcIl- and 0.5 mol 751188 
L-1 HCI; reaction probably associated 
with change in number of chloride 
ligands and/or substitution of cr by H20; 
followed by second-order reaction, k = -1 
X 109 Lmorl s-l. 

O.k. in soln. contg. (1-2) x 10-4 mol L-1 751188 
Ptcil-, 0.5 mol L-l HCI and (0.5-1.2) x 
10-4 mol L -I CuC12. 

O.k. at 279-309 nm and p.b.k. at 435-450 89A20~ 

nm in Ar-satd. soln. contg. 0.11 or 0.51 
mol L -1 ter/-BuOH and 1 or 3.8 x 10-4 
mol L-1 PtcIl-~ condy. increase gave k = 
4.2 x lOs S-1; pKa of PtC14(H20h - = 3.5 
[87A472]. 

P.b.k. at 410 run, d.k. at 440 run, condy. 89A250 
increase (in acidic soln.) and decrease (in 
alkaline soln.) in Ar-satd. soln. contg. -1 
x 10-4 mol L-I Ptcll- and 0.01 mol L-J 

tert-BuOH. 

* Unexplained discrepancy in these data.. 

O.k. at 450-460 and 635-644 nm in 87 A088 
aerated soln. contg. 5 x 10-3 mol L-1 

PtcIl- and 1 x 10-2 mol L -1 HCI04• 

Rea.ction ~ugge~terl to repreRent solv~tion 
or aquation. 

P.b.k. at 450 run in Ar-satd. soln. contg. 89A203 
0.11 mol L-1 tert-BuOH and 0.98 or 2.0 x 

, 10-4 mol L-1 PtC16
2-. Reaction suggested 

to be preceded by Cl-abstraction by H
atom. 

P.b.k. at 435 nm in soln. contg. 4.0 x 10-5 89A203 
mol L-l PtCI62-. Reaction suggested to 

be preceded by rapid hydration of Ptcll-. 
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TABLE 19. Rate constants for platinum transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

19.29 Aquatetrachlorohydroxyplatinate(III) ion 

19.29.1 First-order reaction 

* PtCI4(H20)(OH)2- ~ PtCI2(OHh - + 1.5 X 105 s-1 2.2- 20-28 p.r. P.Q.k. at 410-470 nm in Ar-satd. soln. 89A203 
H+ +2 Cl- 2.6 contg. 0.11 mol L-1 tert-BuOH and (1-2) 

x 10-4 mol L-1 PtCI6
2-; condy. increase 

gave k = 1.3 X 105 s-l. 

1.4 X 105 s-1 2.0- 20-28 f.p. P.b.k. at 400-480 nm in Ar-satd. soln. 89A203 
4.5 contg. (1-8) X 10-5 mol L-1 Ptcil-; 

condy. increase gave k = 1.7 X 105 s-l. 

1.4 X 105 s-I 3.4- 20-28 p.r. P.b.k. at 259-470 nm in N20-satd. soln. 89A203 
4.6 contg. (8.5-51) x 10-5 mol L -1 Ptcil-; 

condy. increase gave k = 1.4 x lOs S-I; k = 
1.2 X 105 s-1 at pH 9 (1 x 105 S-1 by 
condy.); k = 4 X 104 S-1 at pH 10; k = 1.2 
X 104 s -I at pH 11.1; in alkaline soln. 
transient could be PtCI4(OH)l-. 

1.1 x 105 s-1 4.0- 20-28 p.r. P.b.k. at 369-480 nm in Ar-satd. soln. 89A203 
5.1 contg. 0.11 mol L-1 tert-BuOH and (1-4) 

x 10-4 mol L-1 Ptcil-; condy. increase 
gave k = 1.1 X 10:1 S-I. 

* For a different interpretation of this 
process and structure of the reactant see 
the following entry. 

19.30 Tetrachlorohydroxyplatinate(1TI) 

19.30.1 Water 

* PtCI4(OH)2- + H20 ~ PtCI4(OHh3- 1.6 X 105 s-I 5-9 p.r. P.b.k. at 410 nm, d.k. at 450 nm and 89A250 
+H+ condy. increase (in acidic soln.) and 

decrease (in alkaline soln.) in N2O-satd. 
soln. contg. -1 x 104 mol L-1 Ptcil-. 

* For a different interpretation of this 
process and structure of the reactant see 
the previous entry. 

19.31 Dichlorobis(hydroxy)platinate(1TI) ion 

19.31.1 Ferrocyanide ion 

PtC12(OHh - + Fe(CN)6 4- ~ 8.2 x lOs 5.8- -0 20-28 p.r. D.k.. al410 n1ll in N20-satd. solo. (;ootg. 89A203 

6.0 5 x 10-4 mol L-1 Ptcll- and (2.5-5.0) x 
10-5 mol L-1 Fe(CN)64-. 

19.32 Tetrabromo(hydroxy)platinate(lll) ion 

19.32.1 Water 

PtBr4(OH)2- + H20 -+ PtBr4(OHh3- + 1.0 x 105 S-1 p.r. D.k. at 530 nm, p.b.k. at 420 nm and 92A259 
Hoi- condy. change at pH 3.7 and 8.5 and 21 

°c, in N20-satd. soln. contg. 1 x 10-4 
mol L-1 PtBrl-. 

19.33 Hexabromoplatinate(1TI) ion 

19.33.1 Water 

PtBri- + H20 ~ PtBr5(OH)3- + H+ + 3.7 X 104 s-1 p.r. D.k. at 540 nm and p.b.k. at 440 nm in 92A259 
Br- Ar-satd. soln. contg. 0.1 mol L-1 tert-

BuOH and 0.001 mol L-1 PtBrl- and 
condy. change in Ar-satd. soln. contg. 1 x 
10-4 mol L-1 PtBrl- at pH 4.0 and 9.25. 
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TABLE 19. Rate constants for platinum transients . ..,..-' Continued 

~i 

~,R¢action 

:~i9.34 ' .. Bis( ethylen~diantine )platinum(ll), CIl ·- reaction. product 

1~.34~1 .. First-order reaciion 

Y:-:;;?t(~n)22t/Ch·-"" . 1.3 x 103 s~1 0.3 

4.9:34.2 ' .• Copper{ll) ion 

.Pt(en)?+/Clz""+ Cu(II) ..... 

:1~~~~.3 ··.·.Iron(D) ions 
. Pt(en)?+/CI2·~+;Fe(n),"-+ 2.5 X 105 

t9~5 ··Chlorobis(ethylened.fllmine)platinum(III) ion 
". . . 

~'.3S.1 . Chlprobi~(ethylenet:li~ine)pla.inum(III) ion 

'}'t(enhct2+ + Pt(en)2C12+ .... . 1.8 X 107 

19.35.2 .'. Copper(D) ion 

'Pt(tmhC12+ .+ Cu(II) ~ 

2.5 X 107 

3.2 X 105 

0.3 0.5 

0.3 0.5 

3.3 

3.4 

2.0 

2 

2.1 

2.0 

1936, quabis( ethylenediamine)hydroxyplatinum(llI} ion 

19.36. First~rderreaction 

Pt(enh(H20)(OH)2+ .... Pt(en)(en-H)2+ 
+ 2 H 20 

,19.36.2 Hydroxide ion 

Pt(enh(H20)(OH)2+ + 011' .... 
Pt{en)(en-H)2+ + 2 H20 + OW 

<4.5 

4.0-
9.6 

7.0-
9.6 

t(°C) Meth()d Comment Ref. 

-25 p.r. 

-25 p.r. 

~25 p.r. 

23 p.r. 

p.r. 

f.p. 

-25 p.r. 

p.r. 

f.p. 

-23 p.r. 

p.r. 

p.r. 

D.k. in deaerated soln. contg. Pt(en)?+ .. ,751188 
and 0.5 molL -I HC1; followed by another 
fust...;order reaction,k= 7.7 s.,.l. 

D.k. in deaeratedsoln. contg. (1-2) x 10-4 751188 
mol L~·lPt(en)ll:;O.5 mol L" 1 HCl and 
(5-12) x 10-5 mol r·1 eucI2. 

D .. k.indeaerated soln. contg. (1.,.2) X 10-4 751188 
mol L-1 Pt(en}z2+, 0.5 mol L-1 HCland 
6.1 x 10-4 mol L -1 FeCI2. 

D.k. at 260 om and condy, increase in 
N20-satd. solD. contg. I x 10-4 mol L-1 

Pt(en}z2+ and (1-2) x 10-5 mol L-1 0-. 

t(OA286 

O.k. inN20~satd; soln. c~n~g. Pt(en)22+' 80A286 
and 10-5 mol L -I CI-. 

D.k. in soln. contg. Pt(en)20l+, (0-1) x 80A286 
10-5 mol L- i cr and 0-0.5 mol L -I tert-
BuOH. 

D.k. at 260-300nm in soIn. co~tg. (8-20) 751188 
x 10-4 mol L-1 trans-Pt(enhCI22+, 0.01 
mol L-1 HCI04 and 0.11-2 mol L-1 tert-
BuOH. 

D.k. at 260 and 280 nm in N 20-satd. soln. 761093 
contg .. (1.83-9.86) xl0-4 mol L-1 

Pt(en)l+, 5 x 10-6 mol L -1 cr and 1.3 or 
2.25 x 10-4 mol L-1 Cu2+. Mechanism of 
reaction may be complex as the rate 
constants were appreciably higher (25-
50%) at the lower [Cu(II)] employed. 

D.k. at 260-280 om in~20-satd. soln. 761093 
contg. (0.8!>-1.28) x 10-4 mol L-1 

Pt(en)2022+, 1 or2 x 10-4 mol L-1 Cu2+ 
and 0.5 mol L -1 tert-BuOH. Mechanism 
of reaction may be complex as the.rate 
constants were appreciably. -higher (25-
50%) at the lower [Cu(II)] employed. 

O.k. at 260 om, p.b.k. at 340 nm and 80A286 
condy. change in N20-satd. soln. contg. 
Pt(enh2+. 

O.k.-in N20-satd. soln. contg. (2.5-5.1) x 761093 
10-4 mol L -1 Pt(en)22+; average of two 
values obtained as intercepts from plots 
of kobs vs {H1 and [OIr), respectively. 

Effect of [OIr) on d.k. in N20-satd. soln. 80A286 
contg. (2.5-5.1) x 10-4 mol L-1 Pt(enh2+. 761093 
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TABLE 19. Rate constants for platinum transients - Continued 

No. Reaction t(°C) Method Comment. Ref. 

19.36 Aquabis( ethylenediamine )hydroxyplatinum(Ill) ion - Continued 

19.36.3 Hydrogen ion 

Pt(en)z(H20)(OH)z+ + H+ ~ 4.2 X 109 4.0- p.r. O.k. in NzO-satd. soln. contg. (2.5-5.0) x 80A286 
Pt(enh(HzO)z3+ 7.0 10-4 mol L -1 Pt(enh 2+; kr = 6.6 X 102 S-I. 761093 

5.4 x 109 <4.5 -23 p.r. O.k. at 260 nm, p.b.k. at 340 nm and 80A286 
condy change in N20-satd. soln. contg. 
Pt(en)z2+. 

19.37 Bis( ethylenediamine )platinum(III) ion, deprotonated 

19.37.1 Bis( ethylenediamine )pJatinum(lll) ion, deprotonated 

Pt(en)(en-H)z+ + Pt(en)(en-H)z+ ~ 8.0 x 105 4.4- -23 p.r. O.k. or condy. change (pH 8.9-10.5) in 80A286 
10.5 NzO-satd. soln. contg. Pt(en)zz+. 

7.5 x 105 2.9- p.I. O.k. at 330-480 nm in N20-satd. soln. 761093 
8.5 contg. (1.83-9.86) x 10-4 mol L-1 

Pt(en)zz+ and (0-2) x 10-3 mol L-1 cr. 
19.37.2 Copper(1l) ion 

Pt(en)(en-H)z+ + Cu(II) ~ <104 6.3- p.r. O.k. at 480 nm in NzO-satd. soln. contg. 761093 
66 (1.&3-9.&6))l 10-4 mol L-l Pt(en>z2+ and 

1.6 X 10-4 mol L-1 Cuz+. 

19.37.3 Ferrocyanide ion 

Pt(en)(en-H)z+ + Fe(CN)6 4- ~ 2.3 X 108 6.3- "p.r. O.k. at 480 nm in NzO-satd. soln. contg. 761093 
6.6 (\.83-9.86) x 10-4 mol L-1 Pt(en)l+ and 

2.4 x 10-5 mol L-1 Fe(CN)64-; formation 
of Fe(CN)l- observed. 

19.37.4 Oxygen 

Pt(en)(en-H)z+ + 02 ~ <105 6.3- p.r. O.k. at 340 and 480 nm in N20-satd. soln. 761093 
6.6 contg. (1.83-9.86) x 10-4 mol L-1 

Pt(en)zz+ and 1.8 x 10-4 ~ol L-1 02' 

19.37.5 I-Hydroxy-l-methylethyl 

Pt(en)(en-H)z+ + (CH3)zCOH ~ 6.5 x 109 4.5,8.5 -23 p.r. O.k. at 340 and 480 nm in deaerated soln. 80A286 
contg. Pt(en}z(OH)l+ and 2-PrOH. Value 
obtained from computer fit. Rate 
constants independent of concentrations 
of complex and alcohol. 

19.37.6 2-Hydroxy-2,2-dimethyJethyJ 

Pt(en)(en-H)z+ + 'CHzC(CH3)zOH ~ 4x 109 4.5,8.5 -23 p.r. O.k. at 340 and 480 nm in deaerated soln. 80A286 
contg. Pt(en)z(OH)z2+ and tert-BuOB. 
Value obtained from computer fit. Rate 
constants independent of concentrations 
of complex and alcohol. 

19.38 Diaquabis( ethylenediamine )platinum(Ill) ion 

19.38.1 Chloride ion 

Pt(en)z(HzO)z3+ + cr ~ -3 x 108 3.3 p.r. P.b.k. at 260 nm and condy. change in 80A286 

Pt(enh(H20)C12+ + H2O NzO-satd. soln. contg. 1 x 10-4 mol L-1 

Pt(en)zz+ and 1 or 2 x 10-5 mol L-1 Cl-; kr 
_103 8-1• 

19.39 Chloro( diethylenetriamine )platinum(m, CI2" reaction product 

19.39.1 Copper(11) ions 

Pt(dien)Cl+/Clz'- + Cu(II) ~ 3.2 x 108 0.3 ":'25 p.r. O.k. in deaerated soln. contg. Pt(dien)Cl+, 
0.5 mol L-1 HCl and (0.5-1.2) x 10-4 mol 

751188 

L-1 CuClz· 
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TABLE 19 .Rateconstai1~ forphmnum;transients.:......:..· Continued 

k(Lmol';"l· s"7.1)"pll I'" :t(j:)C) Method Comment· Ref. 

. . . -

Chl():ro( dietbylenetriamine )platinum(ll),CI2·:reaction/product ·~··CoIitintied· 

f.J9.l:Chlon;.(diethylenetriamine)platinum(ll),Clz ~.~ reaction product 

··\Pf(~~m)Ci+/C12· __ + Pt(dien)Ce/C12·- 't4x 108 0.3 ...... 25 p.r. 

'ilJ~.?,.·.Cli1or()(die~Ylenetrilllhln~)platiriuin(m, Ollreaction product 
,,;~~~:-;~.::.-'.,: .. : :.' "" . " ',: ," ",',. '.' .. ' :. -:', -.. '.' :. '. ;', " .: ..... : 

l'AO.l':·First-orderreactiop . 

:o;(~en)Cl+/~H-

~ii4f;nieihYienetriamine(pyndine)platjnum(mion OB-adduct 

'9.~1.1.First-order reaction 

}~(dien)pyo~r2+- . 

'tF)'Al.2·~:~iethYlenettiamin~(pYridine)platinum(ll) ion 

m(aien)pYOH]·2+ +ft(<llen)py2+ - ~3x 109 

S.5-
9.7 

3.5-
9.7 

p;r. 

p.r. 

p.r, 

\t'.4t~.;·Cbloro(te~raetbyldi.ethylenetriamine)platinum(m, ·eI2•• reaction product 

- . .' . 

'~pt~4dieJi)Cl+/C1r? +Cll(m- 0.3 -25 p.r. 

19~2.2 .Chloro(tetraethyldiethylenetri81liine)platinum(ll), elz•· reaction product 

~pt(Et4dieii)Cl+/CI2~- + -4 x 105 0.3 -25 p.r. 
Pt(Et4dien)Cl + ICh·- -

i9~43 Chloro(tetraetbyldietbylenetnamine)platinum(ll), OB reaction product 

,19.43.1 .... Fi~t-oroe~ re~ction" 
,Pt(Et"dien)Cl+/OH -'. -25 p.r. 

19;44 ." ·1,8.Dialirlllo~3,6,lO,13,16.19~bexaazabicyclo[ 6.6.6]eicosaneplatinllm(llI). ion 

,9.44.1 First-order reacthm 

Pt(diamsar)3+ - , 6.8,10 

. . '\9.45- cis-Bis(glycinllto )platinum(ll),{)B reaction product 

19.45.1 First-orderreaction 

cis-Pt(Glyh/OH - 2.9 

p.r. 

-25 p.r. 

D.k. in deaerated soln~ contg.Pt(dien)Cl+, 751188. 
0.5 mol L~1 HClmid 0.1-0.2 mol L-12_ 
PrOH;unclear whether k or 2k .. 

D.k.at270 nmin N20-satd. soln. oontg. 761093 
1.1xlO-4mol L"':'1 Pt(dien)Cl+; followed 
by an intennediatecomplexdecayand by 
a second-orderdecay with.k =3;~,xIIJ'f'l 
mol..,;1 s"':'l. . 

D.k .. at 280 nmin N20;,:sauksoln;'contg. 78A363 
(2.:25) x 10-5 mol L~1 Pt(dien)py2+ 

D.k. at 280nm in N20-satd. soln.contg. 78A363 
(2-25) X 10-5 moli.~1 Pt(dien)py2+. 

D.k. insoh'i. contg. (1-2) X 10-4 mol L-l 751188 
Pt(Et4dien)Cl+, (0:5-1.2) x 10-4 mol L-l 

CuCl2 aDd 0.5 molL -1 HCl. 

D.k. in soln. contg. Pt(Et4d~en)tl+' 0.1': 751188 
0.2 mol L-l 2-PrOHand O.S·mol L-I HC1; 
unclear whetherkor2k. 

D.k. at 280 and 360nm and p.b.k. at 520 761093 
run in N20"satd. soln. contg. 1.87 or 3.74 
x 10-4 mol L -1 Pt(Et4dien)Cl +; preceded 
by other undefined processes. 

D.k. at 390 run in He-satd.soln. contg. 83A148 
Pt(diamsar)4+ and 0.1 mol L-1 tert-BuOH. 

Absorbance changes at 250-260 and 771053 
340-390 run in N20-satd. soln. contg. 2.5 
x 10-4 mol L-l cis-Pt(GlYh; subsequent 
changes at 290-330 and 400-420 nm gave 
k=4.2 x 102 s-l. 
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TABLE 19. Rate constants for platinum transients - Continued 

No. Reaction t(°C) Method Comment Ref. 

19.45 cis-Bis(glycinato)platinum(m, OR reaction product - Continued 

19.45.1 First-order reaction - Continued 

19.45.2 Copper(Il) ion 

cis-Pt(Glyh/OH + Cu(II) -+ 

19.45.3 Ferrocyanide ion 

cis-Pt(Glyh/OH + Fe(CN)64- -+ 

1.7 X 107 

3.7 X 109 

3.0 X 108 

5.7-
10 

3.0 

2.9 

19.46 trans-Bis(glycinato)platinum(m, OR reaction product 

19.46.1 First-order reaction 

trans-Pt(Glyh/OH -+ 

19.46.2 Copper(II) ion 

trans-Pt(Glyh/OH + Cu(II) -+ 4.2 X 103 

2.9,3.0 

2.9 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

-25 p.r. 

P.b.k. at 305-520 nm in N20-satd soln. 771053 
contg. (2.4-4.35) x 10-4 mol L-1 cis-
Pt(Gly)z. At pH 10, k = 7.2 x 104 s-1 from 
d.k. at 270-300 nm in soln. contg. 1.9 x 
10-4 mol L-I cis-Pt(glyh- At pH 4.8-10, 
k = 2.0 X 104 L mol-I S-I from d.k. at 
310-540 nm in soln. contg. (0.8-9.4) x 
10-4 mol L-1 cis-Pt(gIYh. 

P.b.k. at 360 and 520 nm in N20-satd. 771053 
soln. contg. (1.09-3.08) x 10-4 mol L-1 

cis-Pt(Glyh and 1.2 or 3.4 x 10-4 mol L-1 

Cu(ClO"h. 

D.k. at 260 and 270 nm and p.b.k. at 771053 
340-430 nm in N20-satd. soln. contg. 
(1.09-3.08) x 10-4 mol L -1 cis-Pt(Gly)z 
and 1.2 or 1.7 X 10-5 mol L-1 K4Fe(CN)6; 
variation of k with wavelength indicates 
some complexity. 

P.b.k. at 340-520 nm in N20-satd. soln. 771053 
contg. (1.09-3.08) x 10-4 mol L -I cis-
Pt(Glyh and 3.2 or9.1 x 10-5 mol L-I 

K4Fe(CN)6; kinetics could be fitted to two 
consecutive reactions, the second with k = 
3.7 X 107 L morl s-I. 

Absorbance changes at 250-280 and 771053 
300-630 nm in N20-satd. soln. contg. 
(0.88 or 1.29) x 10-4 mol L-1 trans-
Pt(Gly)z. At pH 3.6, k = 3.2 X 103 s-I for 
1.46 x 10-4 mol L-I trans-Pt(Gly)z; at pH 
4.1. k = 4.1 X 103 s-I for 2.5 x 10-4 mol 
L -1 trans-Pt(Gly)z. At pH 3-4.1 
subsequent changes at 260-310 nm gave k 
= 2.4 x 102 s-1 for (0.88-2.5) x 10-4 mol 
L-1 trans-PtCGlyh, At pH 2.9-4.3. k = 3.5 
X 105 L mor1 S-I in soln. contg. (0.57-
2.5) x 10-4 mol L -1 trans-Pt(GlYh. At 
pH -5.7 and 6.3, k = 1.6 X 109 L mol-1 s-1 
in soln. contg. (0.97-2.16) x 10-4 mol L-1 

trans-Pt(Gly)z. At pH 10, k = -9 x 105 

s -1 from changes at 320-480 nm and k = 
-1 X 105 S-I from changes at 250-480 nm 
in soln. contg. (0.46-1.02) x 10-4 mol L-1 

trans-Pt(Gly)z. At pH 9 and -10, k = 6.5 
X 108 L mor 1 s -1 from changes at 
300-520 nm insoln. contg. (0.46-1.97) x 
10-4 mol L-1 trans-Pt(Gly)z. 

D.k. at 260 nm in N20-satd. soln. contg. 771053 
(1.09-3.08) x 10-4 mol L -1 trans-Pt(Gly)z 
and 0.82 or 1.47 x 10-4 mol L-1 

Cu(CI04h; species involved represents 
second transient. 
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TABLE 19.'Rate constants'forplatmum transients -c-Continued 

t(°C) Method CoiIiIilent Ref. 

:,)9~46" tTQ1Js-Bis(g1ycinato )platinum(ll), ()H reactionproduct- Continued 

19,1463 ' , Copper(ll) ions 

/tr91lS-Pt(GlYh/0I-J:+~(1I) '~ 

l,9.,.6.4' FerroqanideioD 

trans:Pt(GIYh/OH + Fe(CN)64-:- -+ 

',' ,,', ,6 
,9.9x 10 

2;5 x 109 

10.0 

3.3 

8.4 

1~.47. ,Oc~ydrogen tetrakis(J.l-diphospbito)diplatinate(ll)(Ill}iL 

19.47.1, ,OctahYdrogen tetrakis(ll~diphospbito)diplatinate(ll)(Ill) ion 

,.19.47.2 ,l,1.'~Bis(2,;sulfonatoetbyl)4,4';'bipyridiniUJll radical anion 

rPt2(P20 SH22-)4t""+ [SEV]'--+ 1 x109 

[Pt2(P-iOSH2)41t+ SEV 

!9.~73",".'l,1';,Bis(3.sulfonatopropyl)-4,4';'bipyridinium radical anion 

'[Pt:Z&;OSH2
2-).d3-+ [SPV]'- -+ 1.6 X 109 

[Ph(P20sH2W~+SPV 

-25 p.r. 

-25 p.r. 

-25 p.r. 

p.r. 

, P.b.k. at 370 run in N20':satd. soln. contg. 77)053 
(1.09-3.08) x 10-4 molL-I trans-Pt(Glyh 
and 0.58 or2A2x 10-4 mol L-I ,', 
Cu(CI04):i' 

D.k. at 270-300 run and p;b.k. at 320-440 771053 
run in N20-satd.soln. contg. (1.09.,3.08) 
x 10-4 mol L-I trans;..Pt(Glyh and 1.0 or 
3.3 x 10-5 mol L~I K4Fe(CNk 

D.k. at 260-280 run inN20.;.satd. soln. 771053 
contg. (1.09~3.08) xl.()-4 molL -1 tranS-
Pt(GIyh and '2.2 x lO-s mol L,""1 
K...Fe(rN\, 

D.k. at 310 run in N20:-satd. soln. contg. 86A578 
[Pt2(P20l)41~;unclear whether k or 2k. 

25 f.pJoq D.k. in soln. contg.~1 X 10-4 mol L-1 

[Pt2(P2olJ414- and SEV (OQ). 
81A344 

f.pJoq D~k. at 600 runinsoln. contg.2,7 x 10-s 85A161 
molL-I [Pt2(P20lJ4]4- and 5x 10-4 
molL -1 Spy (OQ); 

,19:48 cis-[Dichlorobis(l-(2~hydroxyethyl)-2.methyl.5-nitroimidazole;.fi3)]platinum(Ill) ion 

19.48,1 'Water 

,A2~12 + + H20 -+A2WH(H20)CI2+ 
. , +cr- ' , 

p.r . D.k.in N20-satd.soln. contg. A2PrIc12; 85A090 
for loss of seconder. k = 820 8-1. 
Subsequent second~order decay(k = 5 x 
107 L mol-Is-l) niay ~present 
disproportionationof product. 

19~49 cis-Dicblorobis(isopropylamine)-trans-dihydroxyplatinum(lV), OH reaction product 

19A9.1' . Water 

PtCb(OH)2(2.;:PiNH2h/OH + H20 -+ 
Pt(H20)CI(OH)~(2-PrNH2h2+ + CI-

p.r. D.k~ in N:20-satd.soJn. contg. 2.5 x 10-4 85A09C 
mol L-1 complex; for loss of second cr. 
k =20 s-1. Subsequent slower decay (k 
<lOS L mol-I. s-l) mayreprestmt 
disproportionation of product. 
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No. Reaction 

20.1 Rhenate(VI) ion 

20.1.1 Rhenate(VI) ion 

ReOl- + ReOl- ~ 

BUXTON, MULAZZANI, AND ROSS 

TABLE 20. Rate constants for rhenium transients 

pH I t(°C) Method Comment 

1.7 X 109 7 p.r. D.k. at 290 nm in Nrsatd. soln. contg. 
0.1 mol L -1 tert-BuOH and Re04-. 

Ref. 

85A234 
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TABLE 21. Rate constants for rhodium transients 

i~ __ :~r=-================================== 
Ntl, Reaction pH I t(°C) Method Comment Ref. 

21,1 l:hlorotris[3-(diphenylphosphino )benzenesulfonato ]rhodate(O) ion 

11.1.1 Hydrogen ion 

RhCl(dpmh 4- + H+ ~ 
RhCl(H)(dpmh 3-

5 

21.2 11 5_ Pentamethylcyclopentadienyl(2,2' -bipyridine )rhodium(1) ion 

21.Z.1 Hydrogen ion 

(CsMes)RhI(bpy) + H+ ~ 
(CsMes)RhmH(bpy)+ 

1.6 X 106 

ll.3 Tris(2,2'-bipyridine)rhodium(1) ion 

21.3.1 First-order reaction 

Rh(bpYh + .. Rh(bpYh + + bpy 

acid 

21.4 Tetrakis[Jl-(l,3-diisocyanopropane) ]dirhodium(I)(ll) ion 

21.4.1 Tetrakis[Jl,-(1,3-diisocyanopropane)]dirhodium(l)(II) ion 

Rh2(1.3~diisocyanopropane)l+ + 1.7 x 107 0.3 
Rh2(1.3-diisocyanopropane)l+ ~ 4 x lOs 
[Rhil.3-diisocyanopropane )4h 6+ 

21.4.2 Sulfatoiron(ID) ion 

Rh2(l.3-diisocyanopropane )l+ + 
FeSO ... + ~ 

0.3 

~o 

25 

25 

p.r. 

p.r. 

p.r. 

f.p. 

f.p. 

21.5 11 5 
-Pentamethylcyclopentadienyl(2,2' -bipyridine )(hydroxy )rhodium(ll) ion 

21.5.1 ,,5-Pentamethylcyclopentadienyl(2~'-bipyridine)(hydroxy)rhodium(ll) ion 

(CsMes)Rhn(bpy)(OH) + 1.6 x 104 s-1 p.r. 
(CsMes)RhII(bpy)(OH) ~ 
(CsMes)RhI(bpy) + 
(CsMes)Rhill(bpy)(OHt + OH' 

21.6 nS 
-Pentamethylcyclopentadienyl(2.2' -bipyridine )(iodo)rhodium(ll) ion 

21.6.1 ,,5 -Pentamethylcyclopentadienyl(2~ '-bipyridine)(iodo )rhodium(ll) ion 

(CsMes)RhII(bpy)(I) + 1.6 x 103 S-1 

(CsMes)Rhn(bpy)(I) ~ 
(CsMes)RhI(bpy) + 
(CsMes)Rhm(bpy)(I)+ + r 

21.7 Aquatriamminerhodium(ll) ion 

21.7.1 Water 

Rh(NH3hH20
2+ + H20 ~ 

Rh(NH3h(H2Uh2
+ + NH3 

21.8 Tetraamminerhodium{ll) ion 

21.8.1 Water 

Rh(NH3)/+ + H20 ~ Rh(NH3hH20
2+ 3.5 X 102 S-1 

+ NH3 

4 

4 

p.r. 

p.r. 

p.r. 

Ar-satd. soln. contg. 0.12 mol L-1 

RhCI(dpm)33-. 0.2 mol L-1 tert-BuOH 
and 0.02 mol L -1 phosphate. 

Soln. contg. 5% 2-PrOH and 
(CsMes)Rhm(bpy)L + (L = r or OIr). 

87F04O 

87N149 

P.b.k. at 500 run in soln. contg. 10-3 mol 83A046 
L-1 Rh(bpyh3+ and 0.1 mol L-1 2-PrOH. 

D.k. in soln. contg. (1~lO) x 10-6 mol 79A167 
L -1 [Rh2(1.3-diisocyanopropane )412 6+ 
and 1 NHzS04 • 

O.k. at 440 and 700 nm in soIn. contg. 79A161 
rRh2(i .3-diisocyanopropane)4 h 6+. (0-7) 
X 10-4 mol L-1 FeSO/ and 1 NH2S04• 

Soln. contg. 5% 2-PrOH and 87N149 
(CsMes)Rhm(bpy)(OH)+; reaction 
between first~ and second-order; k may 
represent ligand loss followed by rapid 
disproportionation. 

Soln. contg. 5% 2-PrOH and 87N149 
(CsMes)Rhm(bpy)(It; reaction between 
first- and second-order; k may represent 
ligand loss followed by rapid 
disproportionation. 

Condy. change from NH3 + H+ ~ NH/ 751128 
in Ar-satd. soln. contg. 0.5 mol L-1 

tert-BuOH and 10-3 mol L-1 

Rh(NH3>SCI2+ or Rh(NH3)sH20
3+. 

Condy. change from NH3 + H+ ~ NH/ 751128 
in Ar-satd. soln. contg. U.5 mol L -1 tert-
BuOH and 10-3 mol L-1 Rh(NH3)sCI2+ 
or Rh(NH3)sH20 3+. 
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TABLE 21. Rate constants for rhodium transients - Continued 

No. Reaction 

21.8 Tetraamminerhodium(D) ion _. Continued 

21.:8.2 Oxygen 

3.1 X 108 

21.8.3 Tetrammninedibromorhodium(llI) ion 

Rh(NH3)42++ Rh(NH3)4Br2+-" .,...1.4 x 106 

Rh(NH3)43+ + Rh(NH3)4Br, 

21~8.4 . Tetraam.minernod1um~JI) ion 

Rh(NH3)/-t + Rh(NH3)l~ -.. 
Rh(NH3)4 + + Rh(NH3)l+ 

. pH I 

4 

4 

4 

21~9· 1,3;6,8~10,13,16,1~-Octaazabicyelo[ 6.6.6]eicosanerhodium(m ion 

21.9.1. First-order reaction 

Rh(sep)2+ -.. Rh(sep)3+ 0.5 S~l 

21.10 Bis(2,2'-bipyridine)rhodiulD(m ion 

21.10.1 Bis(2,2'-bipyridine)rhodium(D) ion 

Rh(bPYh2++ Rh(bpyh2+ -.. 1.7 X 108 

[Rh(bpyhh 4T .. 

21~11· Trls(2,2'~bipyridine)rhodium(ll) ion 
21.11.1 . First-order reaction 

21.11.2 Bis(2,2'-bipyridine)rhodium(lI) ion 

Rh(bpYh2+ + Rh(bPYh2+ -.. Rh(bpYh3+ 3 x 108 

+ Rh(bpYh+ 

6.9 

8.9 

5,8.1 

8.8 

3-10 

8:9 

p.r. 

p.r~ 

p.r. 

25 ,p.r. 

25 p.r. 

f.pJoq 

25 p;r. 

p.r. 

25 p.r. 

21.11.3 5,7,7 ,12,14,14.Hexamethyl.l,4,8,U.tetraazacyclotetradecanesilver(II) ion 

Rh(bpYh2+ + Ag(aneNM2+ -.. 1.3 x 108 4 0.04 p.r 
Rh(bPYh3+ + Ag(aneN~+ 

21.11.4 Oxygen 

Rh(bpYh2+ + O2 -..Rh(bpYh3+ + 02·- 4.9 X 108 

21.11.5 1,1' .Dimethyl-4,4';'bipyridinium 

Rh(bPY)3'·;- MY'·"",,; Rh(bpYh~·;
MV~+ 

7.3 p.r. 

8.1 f.pjoq 

Comnient 

P.b.k. at 260 run in soln .. contg.0.5 mol 751128 
;~L-l tert-BuOHlO-3 indli .. ~1 
Rh(NH3)sHi03+ ami various tOi]: 

Estd. froID 9pndy. incr~~in'Ar,.satd. 751128 
solD: :contg. 05mol L-1 ten,.BuOH and 
10:-3 molL ~lRh(NH3)4Br2"" .' 

Estd. froin: dependence of chain length in 751128 
theRh(NlI3)~2r··+ Rh(ffll3)413r2; 
reaction' on dose rate'in Ar":satd. soln .. 

O;k.at340 ~ iIlHe.-s.atd. soln. contg. 83A298 
(l-1O»(10-4 molL71 Rh(sep)3+ and· 
O.02molL~I.phosphatebuffer;'reaction 
could mvolve,reduction :ofwater. 

Soln. contg.,Rh(bpy):2(OH)t and 2- ~.3A046 
PrOH. Reaction· is pH dependent due to 
differentaquated forms involved .. ··The 
dimerdissocia~s.to Rh(bPYh(OHh+ + 

.. Rh(bpyht withk.;:::9x)10~~,s""lat 25. °c . 
andl~=8xlO-2s"'lat69°C~ 

D.k. inso1n. contg~Ru(bpY>32+, 
Rh(bpYh3+(OQ) and EOTA. 

87A460 

Soln. contg. Rh(bpy).~?~~ 0.1 mol L-1 2- 83A046 
PrOH and negligible-[bpy];k =4.3 s-1 at· ' 
50oC;kr;;:3x~1()8LIl1or~.~-:-1. 

O.k. andp.b.k. in Ar~purgedsoln.contg; 81A134 
(2.5-50) x lO-s mol L-1Rh(bpYb3+and 
0.1 mol L-1fonnate ion or 0.1 molL-l 
2-PrOH. 

P.h.k. at 510.DIn in soln.contg. 
Rh(bpYh3+ and Rh(hpy)2(OHh +. 

83A046 

~~A334 

O.k. at 250 run in N20-satd. soln. contg. 81A134 
2.% air, Rh(bpYh3+ andJorinate ion. 

: P.h.k. in 30In.contg. 3x 1O':-Smol L -1 81NOO3 

Ru(bpy)l+' 5 X 10-3 mol L-1 Rh(bpYh3+ 79A317 
(QQ),0.1 mol L",t TEOA-and (0.3-3) x 
10-4 mol L-1 MV2+. 
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TABLE 21. Rate constants for rhodium transients - Continued 

.~==============================~~================================================== 
~jiJij. Reaction k(Lmor1 s;-1) pH I teC) Method Comment Ref. 

i1".i2 115 -Pentamethylcyclopentadienyl(2,2' -bipyridine )hydridorhodium(llI) ion 

21~12.1 Hydrogen ion 

(CsMes)RhillH(bpyt + H+ -.. H2 + 
(CsMes)Rhill(bpy)2+ 

ll~13 Tetraammine(superoxido)rhodium(llI) ion 

21~13.1 Tetraammine(hydrido)rhodium(lD) ion 

Rh(NH3)4022+ + Rh(NH3)4H2+-.. 
Rh(NH3)402H2+ .... Rh(NH3)42+ 

p.r. 

f.p. 

Soln. contg. 5% 2-PrOH and 87N149 
(CsMes)Rhill(bpy)L + (L = r or OIr). 
Reaction accompanied by ligand 
addition to refonn (CsMes)Rhill(bpy)L +. 

P.b.k. at 240 nm in soln. contg. 0.1 mol 79AOO4 
L-1 HCI04 and Rh(NH3)4H2+; estd. 

assuming chain reaction involving 
k(Rh(NH4>l+ + 02) = 3.1x 108 Lmorl 

s-l. 
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TABLE 22. Rate constants for ruthenium transients 

No. Reaction pH I teC) Method Comment Ref. 

22.1 Pentaammine( dinitrogen)ruthenium(1) ion 

22.1.1 Pentaammine(dinitrogen)ruthenium(l) ion 

Ru(NH3)5N2 + + Ru(NH3)5N2 + -+ 1.4 X 109 20 p.r. D.k. in soln. contg. MeOH or tert- 710234 
Ru(NH3h N22+ + Ru(NH3)5N2 BuOH and Ru(NH3hN2

2+. 

22.2 Bis(2,2' -bipyridine )bis( cyano )ruthenate(ll) ion, electron adduct 

22.2.1 Bis(2,2' -bipyridine)bis( cyano )ruthenium(lII) ion 

Ru(bpyh(CNh - + Ru(bpyh(CNh + 2.0 x 1010 f.p.lpi D.k. at 540 nm in deaerated soln. 84Al77 
-+ contg. 10-4 mol L-1 Ru(bpyh(CNh. 

22.3 Tris(2,2' -bipyridine)ruthenium(ll) ion, electron adduct 

22.3.1 First-order reaction 

Ru(bpyh+ -+ 0.28-1 11-13 p.r. D.k. in soln. contg. Ru(bpyh2+; 78A068 
independent of [OIr]. [Ru(bPYh2+], 
or nature of the alcohol used to 
generate the re~ucing radicals • 
("CH20-, CH3CHO-, or (CH3hCO,; 
radiation dose <2.5 Gy. 

22.3.2 Cobalt(Il) ion 

Ru(bpYh + + C02+ -+ Ru(bpyh2+ + <1 X 104 25 f.p.lrq Soln. contg. Ru(bpyh2+. 0.5 mol L-1 82A278 
Co+ ascorbate ion (RQ) and 0.5 mol L-1 

ascorbic acid. 

22.3.3 Hexaamminecobalt(lII) ion 

Ru(bpYh + + Co(NH3)l+ -+ 2.7 X 109 0.6 1.0 23 f.p.lrq O.k. at 510 nm in Ar-satd. soIn. 86A161 
RU(bpyh2+ + Co(NH3)62+ contg. 0.1 mol L -1 Eu2+ (RQ), (3-4) x 

10-5 mol L-1 RU(bpyh2+, 0.25 mol 
L-1 HCI and (0.36-2.92) x 10-4 mol 
L-1 CO(NH3)63+. 

3.5 X 108 11 _10-3 p.r. 84A255 

22.3.4 Tris( ethylenediamine)cobalt(III) ion 

Ru(bpYh + + Co(enh3+ -+ Ru(bPYh2+ 2.3 X 109 0.6 1.0 23 f.p.lrq O.k. at 510 nm in Ar-satd. soln. 86A161 
+Co(en)/+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 

10-5 mol L-1 Ru(bpy)/+, 0.25 mol 
L -1 HCl and (0.77-3.54) x 10-4 mol 
L-1 Co(enh3+. 

3.2x 108 11 -10-3 p.r. 84A255 

22.3.5 2,2' -Bipyridinecobalt(lI) ion 

Ru(bpyh + + CO(bpy)2+ ~ "I X 108 '1.3 2~ f.pJrq Soln. comg. RU(bPYh2+, 0.1 mol L-1 82A278 

RU(bPYh2+ + Co(bpy)+ ascorbate ion (RQ) and 0.01 mol L-1 

phosphate. 

22.3.6 4.4' -Dimethyl-2.2' ·bipyridinecobaItOI) ion 

Ru(bpyh + + Co(4,4'-Me2bpy)2+-+ 3 x 108 7.3 25 f.p.lrq Soln. contg. Ru(bpyh2+, 0.1 mol L-1 82A278 

Ru(bpyh2+ + Co(4,4'-Me2bpy)+ ascorbate ion (RQ) and 0.01 mol L-1 

phosphate. 

22.3.7 Tris(4,4'-dimethyl-2,2'-bipyridine)cobaJt(ll) ion 

Ru(bpyh + + Co(4,4'-Me2bpyh2+ -+ 3 x 109 7.3 25 f.p.lrq Soln. contg. Ru(bPYh2+, 0.1 mol L-1 82A278 

Ru(bpyh2+ + Co(4,4'-Me2bpYh + ascorbate ion (RQ) and 0.01 mol L-1 

phosphate. 

22.3.8 5,7,7 ,12,12,14-Hexamethyl-l,4,8,1l.tetraazacyc1otetradeca-4,14-dienecobalt(II) ion 

Ru(bpyh + + Co(4,14-dieneN4)2+ -+ 1.8 x 108 25 f.p.lrq O.k. in soln. contg. Ru(bpyh2+ and 79F046 

Ru(bpyh2+ + Co(4,14-dieneN4)3+ Eu2+ (RQ). 
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TABLE 22 .. :R.ate constants ·for ruth~nium transients·. ~ 'Continued 

i2.a.:'in~(2,2'~bipyridine)rutheniuD1(ll) ion, electron adduct, 7 Continued 

:*2203;, ··1,3;6,8,l0,13,16,19·0ctaazabieyclo[6.6.6]eicosanecobalt(lll) ion 

::~u(bpy)/ +Co(sep)~+:~ Ru(bpy}j2+ ~ >2 X 109 0.6 1.0 
: +Co(sep)2+ 

~~.:3.1Q· . TriS(2,2' -bipyridine)cobalt(lll) iC)o 

. Ru(bpYh + + GO(t,PY)3 3+ ~ ., ·1.6 X .1'09" 

Rli(bPY>J~;'+ Co(bpy}J2+. 

22..,01,1. DiS(dimetbYlglyo~~tO)metbYICObalt(IlI)dHluornborate 

,Ru(bPYh+ +CH3Co«dmg)BF2h ~ 1.2:><109 0.6 LO 
'1~u(bpy>J2+ +CH3Co«dmg)BF2h-

,., 22.3~12' Cbromiuin(lU) ioo 

.iU(bPYh+ + C~.::. Ru{bPYh2++ 
er2+ 

4.6 x 106 

22.3.i3 Pentaaqua(trilluoromethyl)cbtomium(lll)ioo 

22.3.14. . Peot8aqua(methoXymethyl)cbrOmium(lll) ioo 

RiI(bpyh + + (H20)sO:CH20cH?+ ~ 2.2 X 106 

,Ru(bpYh2+ + (H20 )sCrCH2OCH3 + 

22.3~15Peotaaqua(dicbloromethyl)chtomium(lll) ioo 

RU(bpyh; + (H20)sCrCHCll+ ~ 2.1 X t01 

Ru(bPYlJ + + (H20 )sCrCHC12 + 

22.3.;16 Pentaaqua(benzyl)chromium(lU) ioo 

Ru(bpy)t + (H20)sCrCH2C6Hl+ -+ . 3.2 X t07 

Ru(bpYh 1. T (H20 )SCrCH2C6Hs + 

22.3.17. Peotaaqua(4.pyridiniomethyl)cbroniium(lll) ioo 

Ru(bpy)t + 1.4 x 109 

~H(H20>SCrCH2]CsH4NH3+ ~ 
Ru(bPYh2++ 
4-[(H20)sCrCH~CsH4NFi2+ 

0.6 1.0 

0.6 l.0 

0.6 1~0 

0.6' LO 

0.6 1.0 

0.6 1.0 

teC) Method Comment 

23 f.pJrq . O.k. at 510 nm in Af-satd. solo. 
contg. 0.1 mol L-1 Eu2+ (RQ), (3-4)x 
to-Smol L-:-1 Ru(bPYh2+, 0.25 mol 
L-l HCI and (0.86-2.85) x to-4mol 
L -1 Co(sep)3+.Lower limit due to 
reaction' of Eu2+ with ,Co(sep)3+. 

p.r. O.k. in soln. contg;RulI>Pyh:l+a:nd 
0.1 mol L -1 CH30H; . 

23 f.pJrq O.k. at 510 nmin Ar-satd. soln. 
contg. 0.12 molV-1 aiicorbate (RQ), 
(3-4) x 10:"S molL-1 Ru(bpyh2+,Q.25 
mol L-1 Hel and(0.14-0.97)x10~ 
mol L-1 CH3Co«dmg)BF2h~ 

23 f.pJrq O.k. at 510 nm in Ar-satd; soln. 
contg~ 0.1 mof1.""LEu2+ (RQ),(3-4)>< 

, to-S mol i.-I Ru(bpYh2+,0.25mol 
L-l HCI and (2;8-45);x 10-4 mol L:"I 

CrC13· 

23 f.pJrq O.k.,at 510 nm in Ar-satd.solo. 
contg. o~i molt.-l Eu2+(RQ), (3-4)x 
lO-s mol v·l Ru(bPY)32+,0.25 mol 
L-1 HCI and (2.2-11.3)x 10-:4 mol 
L-l (H20 )sCrCFl+· 

23 f.pJrq D.k.at 510 nm in Ar-satd. soln. 
contg. 0.1 mol L~lEu2+(RQ)~ (34) x 
lO-s mol L-l Ru(bpYh2+,0.25 mol 
L-I HCI and (L56;.7.80) x 10-4 mol 
L-l (H20 )sCrCH2OCH3

2+. 

23 f.pJrq O.k. at 510 nm in Ar-satd. soln. 
contg. 0.1 mol L-,l Eu2+ (RQ),.(3-4) x 
to-Smol L -I Ru(bpYh2+,0.25 mol 
L -I HCI and (0.90':'3.89) x 10-4 mol 
L-1 (H2O)sCrCHC12

2+. 

23 f;pJrq O.k. at 510 om in Ar-satd. soln. 
contg; 0.1 mol L-1 Eu2+ (RQ). (3-4) x 
lO-s mol L- l Ru(bpyh 2+, 025 mol 
L-l HCI and (0.18-2.14) x 10-4 mol 
L -1 (H2O)sCrCH2C6Hl+. 

23 f.p.lrq O.k. at 510 om in Ar-satd. soIn; 
·contg. 0.1 mol L:-IEu2+ (RQ), (3-4) x 

lO-s mol L-1 Ru{bpyh2+, 0.25 mol 
L-1 HCI and (7.6-39.8) X 10-4 mol 
L-14-[(H20)sCrCH2]CS~NH3+. 

1205 

~···Ref. 

86A161 

18A068 

86A161 

86A161 

86A161 

86A161 

86A161 

86A161 

86A161 
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TABLE 22. Rate constan~ for ruthenium transients - Continued 

No. Reaction k (L mol-I S-I) pH I t(°C) Method Comment Ref. 

22.3 liis(2,2' -bipyridine)rutbenium(ll) ion, electron adduct - Continued 

22.3.18 Pentaaqua(4-methylpyridine)chromium(lll) ion 

Ru(bPY)3+ + 4.2 X 108 0.6 1.0 23 f.p./rq D.k. at 510 nm in Ar-satd. soln. 86A161 
(H20)sCrNCsH4-4-CHl+ -+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 
Ru(bPYh2+ + lO-s mol L-1 RU(bPYh2+, 0.25 mol 
(H20)sCrNCsH4-4-CH32+ L-1 HCI and (0.97-3.69) x 10-4 mol 

L-1 (H20)SCrNCsH4-4-CH33+. 

22.3.19 Pentaaqua(pyridine)chromium(lll) ion 

Ru(bpYh + + (H20)sCr(NCsHs)3+ -+ 5.5 x 108 0.6 1.0 23 f.pJrq D.k. at 510 nm in Ar-satd. soln. 86A161 
RU(bPYh2+ + (H2O)sCr(NCsHs)2+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 

lO-s mol L-1 Ru(bPYh2+, 0.25 mol 
L-1 HCI and (1.22-6.12) x 10-4 mol 
L -I (H2O)sCrNCsHs

3+. 

22.3.20 Pentaaqua(3.chloropyridine)chromium(lll) ion 

RU(bPY)3+ + 1.3 X 109 0.6 1.0 23 f.pJrq D.k. at 510 nm in Ar-satd. soln. 86A161 
(H20>SCr(NCsH4-3-CI)3+ -+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 
RU(bPYh2+ + lO-s mol L-1 RU(bPYh2+, 0.25 mol-
(H2O)sCr(NCsH4-3-CI)2+ L-1 HCI and (1.02-4.5) x 10-4 mol 

L -I (H2O)sCrNCsH4-3-C13+. 

22.3.21 Pentaaqua(3·cyanopyridine)chromium(lll) ion 

Ru(bPYh++ 2.6 x 109 0.6 1.0 23 f.pJrq D.k. at 510 nm in Ar-satd. soln. 86A161 
(H20)sCr(NCsH4-3-CN)3+ -+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 
RU(bpyh2+ + lO-s mol L-1 Ru(bPYh2+, 0.25 mol 
(H20)sCr(NCsH4-3-CN)2+ L-1 HCI and (0.73-2.70) x 10-4 mol 

L-1 (H2O)sCrNCsH4-3-CN3+. 

22.3.22 Tetraaquabis(pyridine)chromium(lll) ion 

Ru(bpYh + + cis-(H20)4Cr(PYh3+ -+ 1.5 x 109 0.6 1.0 23 f.p.lrq D.k. at 510 nm in Ar-satd. soln. 86A161 
Ru(bPYh2+ + cis-(H2O)4Cr(PYh2+ contg. 0.1 mol L -1 Eu2+ (RQ). (3-4) x 

lO-s mol L-1 Ru(bPY)32+, 0.25 mol 
L-1 Hel ana (0.404.48) x 10-4 mol 
L-1 cis-(H2O)4Cr(Py)l+· 

22.3.23 Tetraaqua(2,2'.bipyridine)cbromium(DI) ion 

Ru(bpyh + + (H20)4Cr(bpy)3+ -~ 1.8 x 109 0.6 1.0 23 f.p.lrq D.k. at 510 nm in Ar-sntd. soln. S6A161 

RU(bPYh2+ + (H2O)4Cr(bPy)2+ contg. 0.1 mol L-1 Eu2+ (RQ), (3-4) x 
lO-s mol L-1 RU(bPYh2+, 0.25 mol 
L-1 HCI and (1.12-4.49) x 10-4 mol 
L-1 (H2O)4Cr(bpy)3+. 

22.3.24 Copper(ll) ion 

Ru(bpYh + + Cu2+ -+ RU(bPYh2+ + 3.9 X 108 6.6 0.04 25 p.r. D.k. at 510 nm in soln. contg. 78A090 
Cu+ 5.2>< 108 6.6 0.5 Ru(bpyh2+. 0.5 mol L-1 ten":BuOH 

and cacodylate buffer. 

3.4 x 108 6-7 <0.0002 24 f.p.lpi D.k. at 510 nm in soln. contg. 2 x 771093 
10-5 mol L-1 Ru(bPYh2+ and (2.6-39) 
x 10-6 mol L-l Cu2+ . 

22.3.25 Europium(lll) ion 

Ru(bpyh + + Eu3+ -+ RU(bPYh2+ + 2.7 X 107 1.3 0.5 25 f.pJrq D.k. at 490-510 nm in soln. contg. 78A087 
Eu2+ (O_3-~-tO) x 10-4 mol L-1 Ru(bpyh2+. 767412 

-0.1 mol L-1 Eu2+ (RQ) and 0.05 mol 
L-1H+. 

22.3.26 4,7,13,16,21·Pentaoxa-l,10-diazabicyclo[8.8.5]tricosaneeuropium(lll) ion 

Ru(bPYh + + [Eu 2.2.1]3+ -+ 7.0 X 108 1 22 f.p.lrq D.k. at 500 nm and p.b.k. at 454 nm 86E195 
RU(bPYh2+ + [Eu 2.2.1J2+ in deaerated soln. contg. RU(bPYh2+, 

excess [Eu 2.2.1]2+ (RQ) and 1 mol 
L-1KCl. 
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TABLE 22; Rate constants forrutheiliUnitraDSients --:... Continued 

\tio.-Reaction 

~~i3'," 'fris(2,2'~bipyridine)ruthenium(ll) ion, eleetronadduct-' Continued 

,'j~2l3~7 ,Nitrite ion 

2.5xl07 -7 

223~8 1;4,8~11-Tetramethyl-l,,4,8,11-tetraazacyclotetradecanenickel(ll) ion 

Ru(bpyh+ +Ni(Me4[14]aneN~)2+-+ 5.1 x 108 0.6 1.0 
Ru(bpyh 2+ + NiCMe4[14]aneN4)+ 

,~l.3i;Z9 ',' TelracyanoniCkela~e(ll) iOL 

Ru(bpYh + + Ni(CN)l- -+ 
" Ru(bpyh2+ + Ni(CN)l'"" 

~23.~O .Oxygen 

Rq(bpYh ++ oi .~ Ru(bPY)32+ + 0 2
0

-

4.1 X 107 

. 7.2x 109 

~2331Pentaaimmine(chl()ro )osmium(lD) ion 

" R,u(bpyh + +OS(NH3)5C]2+-+ LO x 109 

"'Ru(bpy)3 2+ + Os(NH3)sci+ 

22.3.32' Ethylenediaminetetraacetatoosmate(lll) ion 

- -'R~(bPY)3++0siIDTA-:- -+Ru(bPY)32+ 1.1 x 109 

. +OsEDTA2-

n 

6.9 0.04 

0.5 

11 

1.3 0.5 

4-5 0.5 

22~;33 Chlocutris[3-(dlphenylphosphlno)benzenesUifonatO]rbodate(I) ion 

Ru(bpyh + + RhCl(dpmh3- -+ 1.9 x 108 5.0 
'RU(bpyh2++ RbCl(dpmh 4-

• 22.334 Tris(4,4'-dimethyl-2,2' -bipyridinerhodium(lll) ion 

,Ru(bpY):J-i:+Rb(4A'';Me2bPYh3+-+ 3.7xl09 4-5 0.5 
~u(bPY)32++ Rh(4;4'':Me2bpyh2+ 

22.3.35 Hexaammineruthenium(III) ion 

Ru(bpYh++Ru(NH3)63+~' 4.7 X 109 

RU(bpyh2+ + Ru(NH3)i+ 

22.3.36 Tris(2;2' ';'bipyridine)ruthenium(lll). ion 

Ru(bpyh + + R:u(bpy)l+ --. 3.4 x 109 4.6 
2 Ru(bpy):l+ 

22.3.37 Sulfite radical ion 

Ru(bpYh + + S03°- -+ 

0.5 

t(9C) Method Comment 

p.r. O.k. at 510 run insom. contg.' 
RU(bpyh2+ and 0.5 mol L-1 tert-
BuOH. 

23 f.pJrq D.k. at 510 run in Ar.,satd. soln. 
contg. 0.12 mol L-1 asCorbate (RQ). 

'(3-4) x 10-5 molL-1 Ru(bpy)l+.0.25 
mol L -I HCl. and (1.05-4.04) x 10-4 
mol L-1 Ni(Me4[14]aneN4)2+. 

p.r. O.k. in soln.contg.~u(bpYh2+'and 
0.1 mol L -I CH30H: ' " 

f.pJrq O.k. in soln. contg.lO-4 mol L-1 

RU(bpyh2+. hydroquinone (RQ) and 
2.4xl0-4moIL-102~ , 

25 f.pJrq O.k. at 500 nm insoln. contg. 
RU(bPYh2+ and Fe(CN)64- (RQ). 

p;r. D.k. insoin. contg. RU(bpyh2+ and 
0.1 molL-1 CH30H . 

24 f.pJpi D.k. at 5100rn in soln. contg. 2 x 
10-5 mol L..,1 Ru(bpyh2+ and (0.5.;. 
2.5) x 1(}.-6 mol L-1 O2, ' . -

25 f.pJrq U.k. at 490 run in sol~. contg. 10-4 
mol L -1 Ru(bpY)l!~.(O.5-2.0) X 10-3 

mol L-1 OS(NH3)5CI2+. 0.03 mol L-1 

Eu2+ (RQ). 0.45 mol L...;I NaCl and 
0.05 mol L -I HCl. 

25 f.pJrq D.k. at 490 nm in soln.contg. 
Ru(bpyh2+. 1.0 mol L -I ascOJ:uate 
ion (RQ) and OsEDTA-. 

f.pJrq O.k. at 500 run in soln. contg. 
RU(bPYh2+. 0.1 mol L";'I ascorbate 
ion (RQ) and RhC'1(dpm),3 . 

25 f.pJrq O.k. at 490 nm in soln. contg. 
Ru(bpyh2+.1.0 molL-1 ascorbate 
ion(RQ) and Rh(4,4'-Me2bpyh3+. 

25 f.pjrq O.k. at 500 nm in soln. contg. 
Ru(bpyh2+ and RU(NH3)62+ (RQ). 

24 p.r. O.k., at 510 in Ar-satd. soln. contg. 
0.5 mol L -'I tert-BuOH. 2x 1O~3 mol 
L-1 Ru(bpyh2+ and 10-4 mol 1:1 

Rli(bpyh3+. 

25 f.pJrq P.b.k. in soln. contg. 5 x 10-5 mol L-1 

Ru(bpyh2+ and 0.1-1.0 mol L-1 

Na2S03 (RQ). 

1207 

Ref. 

720381 

86A161 

78A068 

81A042 

78A087 

78A068 

771093 

82A145 

82A145 

87F040 

82A145 

78A087 

78A070 

79F045 
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TABLJi 72. Rate constants:forrutheniUIQ transients- 7"""'Continued 

No. .Reaction 

22.3 Tris(2,2;~bipyridine)ruthenium(mion, ~Iectron adduct ~Continu~d 
22338 Samarium(lD) ion. 

223.39. Yt~rbium(liI)ions 

Ru(bpy)/+Yb~~ ;:Ru(bpYh2~_+ 
Yb2+ . 

2i3~40 . Ascorbat~r~diCal AA!()n . 

RU(bpyh-t-+A'~+W ~ RU(bpyh2+· 
+Alr 

223.411,4-Ren7.Rqninnne . 

Ru(bpYh~ +Q-:+.Ru(bPY)32~+Q'-_ 

223.42 2~' -Bipyridine, conjugate acid 

Ru(bpyh-t-+bpyH+ ~Ru(bPYh2++ 
bDVH' ., .. 

0.6 1.0-1.58 

·1.2 x 105 0;6 1.0 

4 

6.9 0.04 

223A3 .1,1' -Bis(4-sulfonatobenzyl)-4,4' -bipyridinium zwitterion 

RiI(bpyh-t- + BSV--~:Ru(bpY)l++ 5.7 xt09 lO 
BSV'-

223.44 4-BromoplienoXyI 

Ru(bpYh of" + 4-BrC6H40' -+ 
. Ru(bpyh 2+ + +j3rC6H40- ._ 

223.45 Carbo~ dioxide radical anion 

. Ru(bpyh + + coi'- ~ 
Ru(bpyh(bpyCOz) 

223.46 4-Carboxypbenoxyl, conjugate base 

1.0 X 1010 

Ru(bov)'l+ + + -()zCC61I40·.~ 9.8 X 109 

2+ +4~~02CC6H40-

223.47 . 4· ........ 1 ~pbelloxyl 

Ru(bpyh ' ·CIC6H40 •. -+ 
Ru(bpyh 2+-r..J-ClC6H40-

12.7 0.0) 

-7-
12 

12.7 0.05 

12;7 0.05-

23 f;pJrq 

23 f.pJrq 

f.pJrq 

f.pJrq 

25 f.pJrq 

24 p;r. 

23 f.pJrq . 

p.r. 

23 f.pJrq 

23 f.pJrq 

:Ref. 

D.k;at 510nmin Ar.,.satd.soln.· 86A161 
contg; O,lmoIL-~ Eu2+ ~Q). (3-4) x 
10,:;sm61L-1 Ru(bPY)32~.O:2~.~ol 
~~lIICland (0.()7~0~14)>s10-:4 mol 
L',"l'Sm(iII)perchlomte. .. 

DJc.at 510rinIiriAr~sat4.soln. 86A161 
contg; 0.1 moIL""lEu2+_(RQ)~(3-4)x 
lO-,-S,mol L-,-I ~u(bpYh2+.-0.Z5lJlol 
L-1 Hel apd,(()~01~Q,051.~ lQ~IJl()l 
L-1 )'b(OOih,' . .. - . 

. , . . . 

DX at 500 DIllillsolil. contg.,Q.5tn01 79F~5 
L-:1ascorbic acid~ 0.5 molL-I'· 
aScorba~ ion (RQ)and'5x JO-s-mol 
L-1 Ru(bpyh2+. . 

D.k.in soln.contg;iO~ mol L~I 
RU(bpy)l\hYdroquin,one. (RQ) a. 
10~ mol L-1benzoqumone; 

lSlA042 

Soln. c?ntg.Ru(bpYh 2+, O.l-molL-l 82A278 
ascorbate ion(RQ), 0~01 molL-1 

phosphateand,hipyridine, 

P.bkat 590 nmin.s~ln._~onig;.O.Ot' ,;85A064 
mol L -1 tert.,.BuOH,2x i()'-SmolL'~I 
BSVand 6;6 xl0~5n101 L -I ' 

Ru(bpyh2+. .. 

D.k. at)IO JllILin s()ln:,colltg.(l;-Z) X ,.8Zj\36" 
10~molL-l RU(bpyh2+ and «t140). 
xlO-3 moIL-14-bromophenoxide 
ion (RQ); 

P.b,k. at390 J1ID inAr~~td. soln .. , 91A218 
contg. (5 ... 10) x lO~s riioil"~I' 
RU(l>pyh 2+ and9:S mol L-1 formate 
ion; 'vruueobtainedtrom computer 
fit. ProductupdergOes~~protonationby 
H20 andH2POl~.;"= 29(}S~13nd· .• 
J.2x 105 Lmol-1sd ,respectively~ 

D.k at 510nm insoln.contg,(l~2).x. .82A365 
10~ molL-LRu(bpyj32+8:I1d.(O~1,.4{)· 
x lO ... 3 molL'-:14:;hydroxybenzoate 
. dianion (RQ). -. . . . 

D;k. at510 nm insoln: contg. (1;,2) x 82A36) 
lO~mol L-:I RU(bpyh2+ and (0.1-40) 
x 1O-3JfiolL.,..14-chlorophenoxid~ 
ion (RQ). _. . ..- . .. -
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TABLE 22. Rate constantS for ruttienhim tnUlsients,·.....,;. Continued 

~t'R~01I k (i.mol-J .-
1
). pI! 

. ~~: ,'ltis(2,z-.. bipyridine)ruthenium@ ion, electron adduct ~. Continued 

'jUAB" .• ' 1,1' -Dbnetbyl-4,4j ~bipyrldiDiUID 

lJlu(bpyh+ + MVz+ -+:'Ru(bPY)32+:r 
\tV~.+" ':' "., 

;J~.4' DuroquinoDe 

~~{bPY)3 + + [)Q ~. Ru(bpy)l+ + 
;',.{QCir:-

;~.3.50 '4-EthoxypbeooxyJ 

RU(bpyh+ + 4-EtOC6H40' ~. 
'Ru(bpy)li'+ 4--EtOC6140-

22351, • 4-Etbylpbenoxyl' 

Ru(bPY)3 + + 4-EtCCSH40' ,-+ 

,Ru(bpYh2+ + 4-ac6I4o-

'~.5~'. 2~HydrOxy-2~eU.yJetby; 

RutbpYh+ + 'CH2C(CH3)20H -+ 

Ru(bPY}z[bPyCH1C(CH3h°H]+ 

~~ 1 .. Uydl'oxyetbYI 

Ru(bpyh ++ CH3CHOH ...+ 
Ru(bPY}a(bpyCHOHCHgt 

l13.54 BydToxymethyl 

Ru(bPY)3++'CH20H ~ 
Ru(bpy>i(bP:YCHiOH)~ 

22.3.55 I-Hydroxy-1-metbyletby' 

Ru(bpyh+ + (CH3hCOH -
Ru(bpyh[bpyCOH(CH3hJ+ 

4.0 x 109 

7.2 x 109 

1.9xlO!) 

13 oj 

6-7 

12.7 O.OS 

12.7 0.05 

-i-
12 

({OC) Method 

,p.r. 

25 f.pJrq 

24 f·PJpi 

23 f.pJrq 

23 f.pJrq 

p.r. 

p.r. 

p.r. 

p.r. 

Comment Ref . 

P.h.k. at 602 DID in N20,.satd. soln. 91A081 
contg. 0.13 mol L-1 2-Pi'OH.' ·91A198 
Ru(bPY)3 2+ and MV2+; kr = 2.1 X 10"'" 
L morls:-l calculated fromKeq and 

kr· 
P.k. at 490 DID in soln. conl8. 
Ru(bpy)l+; LOmolL-1 ascomate 

82A145 

ion (RQ) and MV2+. 

Ilk. at 510 am in sam. contg; f x 771093 
10-5 mol L-:-J RU(bpyhZ+and (0.61-
3.0) x 10-6 molL -1 DQ. 

D.k. at 510 DID in soln. contg. (1-2) x 82A365 
10-4 mol L-1 Ru(bpj)l+and(O;l..40) 
x 10-3 mol L -1 4-ethoxyphenoxide 

n (RQ). 

D.k. at 510 DID in soln. contg.(1':'2) x 82A365 
10-.4 mol L-:l Ru(bPY)31+ and {0:140) 
x 10-3 mol L -1 4~thylph~noxide ion 
(RQ). 

P.h.k. at 390 om in At-satd. soln. 91A218 
c~ntg. (S-lO)x 10-5 molL-I 
RU(bpy}lfo and 0.5 m,,1 L-1 tert-
BuOH; value obtained from 
computer fit. Product undergoes 
protonation by H20 and H2Pol-.k::: 
530 s-1 and .1.3 x loS L mol-1 s-l .. 

respectively. 

P.b.le. at 390 run in At-satd. som. 91A218 
contg. (5-10) x 10-5 mol L -1 

RU(bpyh2+ and 0.5 mol L -1 BtOH; 
value obtained from computer fit. 
Product .undergoes protonati,onby 
H20 and H2POl-,k: 14081 and 
1.1 xlOs Lmorl s-l,respectively. 

P.b.k. at 390 nm in Ar-satd. soln. ·91A21S 
contg. (5~10) x 10-5 mol L-1 

RU(bPY)32+ and 0.5 mol L -1 MeOH; 
value obtained from computer fit. 
Product undergoes protonation by 
H20 andH2,POl-. k.= 410 &-1 and 
1.3 x lOS Lmol-I 8-1, respectively_ 

P.h.k. at 390 ron in AI-satd. soin. 91A21& 
contg. (5-10) x Hrs mol L-1 

Ru(bpy)l+ and 0.5 mol L -1 2-PrOH; 
value obtained from computer fit. 
Product undergoes protonation by 
H20 and H1P04

2-. Ie = 8S s-I and 3.4 
x 104 Lmol-1 S-l, respectively. -
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction k (L mor::-I s-I) pH teC) Method Comment Ref. 

22.3 Tris(2,2'·bipyridine)ruthenium(ll) ion, electron adduct - Continued 

22.3.56 4-Iodophenoxyl 

Ru(bpyh + + 4-IC6H40' -» 1.1 X 1010 12.7 0.05 23 f.pJrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
RU(bPYh2+ + 4-IC6H4O- 10-4 mol L -I Ru(bPYh2+ and (0.1-40) 

x 10-3 mol L-I 4-iodophenoxide ion 
(RQ). 

22.3.57 4-Isopropylphenoxyl 

Ru(bpyh + + 4-(CH3hCC6H40' -» 1.2 X 1010 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
Ru(bpYh2+ + 4-(CH3hCC6H40- 10-4 mol L-I RU(bpyh2+ and (0.140) 

x 10-3 mol L-I 4-isopropylphenoxide 
ion (RQ). 

22.3.58 4-Methoxy-N,N-dimethylaniline radical cation 

Ru(bpyh++ 9.6 X 109 7 0.05 23 f.pJrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
[4-CH30C6H4N(CH3hr+ -» 
Ru(bpyh2+ + 4-CH3OC6H4N(CH3h 

10-4 mol L-I Ru(bpyh2+ and (0.1-40) 
X 10-3 mol L-I 4-methoxy-N,N-
dimethylaniline (RQ). 

22.3.59 3-Methoxyphenoxyl 

Ru(bpYh + + 3-CH30C6H40' -» 7.2 X 109 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
Ru(bpyh2+ + 3-CH3OC6H4O- 10-4 mol L-1 Rn(bpY)32+ and (0_1-40) 

x 10-3 mol L-1 3-methoxyphenoxide 
ion (RQ). 

22.3.60 4-Methoxyphenoxyl 

Ru(bpyh + + 4-CH30C6H40' -» 1.2 X 1010 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
Ru(bpyh2+ + 4-CH3OC6H4O- 10-4 mol L -I Ru(bpyh2+ and (0.140) 

x 10-3 mol L -14-methoxyphenoxide 
ion (RQ). 

22.3.61 3-Methylphenoxyl 

Ru(bpYh + + 3-CH3C6H40' -+ 8.1 X 109 12.7 0.05 23 f.pJrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
RU(bPYh2+ + 3-CH3C6H4O- 10-4 mol L-1 Rn(bpyh2+ and (0.1-40) 

x 10-3 mol L-1 3-methylphenoxide 
ion (RQ). 

22.3.62 4-Methylphenoxyl 

Ru(bpyh + + 4-CH3C(jH40' -+ 1.1 x 1010 12.7 0.05 23 f.p.lrq D.k. at 510 run in soln. contg. (1-2) x 82A365 

Ru(bpYh2+ + 4-CH3C6H4O- 10-4 mol L -I Ru(bPY)32+ and (0.1-40) 
x 10-3 mol L-1 4-methylphenoxide 
ion (RQ). 

22.3.63 Phenoxyl 

Ru(bpYh + + C6HsO' -+ Ru(bpy)l+ + 5.3 X 109 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
C6HsO- 10-4 mol L-1 Ru(bPYh2+ and (0.1-40) 

x 10-3 mol L -I phenoxide ion (RQ). 

22.3.64 4-Phenylphenoxyl 

Ru(bpYh + + 4-PhC6H40' -» 7.6 X 109 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 
Ru(bpyh2+ + 4-PhC6H4O- 10-4 mol L-1 Ru(bPYh2+ and (0.1-40) 

x 10-3 mol L -1 4-phenylphenoxlde 
ion (RQ). 

22.3.65 2,4,6-Trimethylphenoxyl 

Ru(bPY)3 + + 2,4,6-Me3C6H20' -» 1.2 X 1010 12.7 0.05 23 f.p.lrq O.k. at 510 nm in soln. contg. (1-2) x 82A365 

Ru(bpYh2+ + 2,4,6-Me3C6H20- 10-4 mol L-1 Ru(bPYh2+ and (0.1-40) 
x 10-3 mol L-1 2,4,6-
trimethylphenoxide ion (RQ). 
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TABLE 22. Rate constants for ruthenium transients - Continued 

~='.==============================~~==================================================== 
No: . Reaction k (L moI-1 g-l) pH I t(°C) Method Comment Ref. 

12.4 Bis(2,2' -hipyridine)( 4-carboxy-4' -methyl-2,2' -bipyridine)ruthenium(ll) ion, electron adduct 

-12.4.1 PeDtaammine(I-L-prolyl-L-prolinato )cobalt(lll) ion 

[Ru(bpyh(4-COr 4'-CH3bpy)]" + 7.2 x 108 6.3 
CO(NH3)s(Proh 2+ -+ 

.' {Ru(bpyh(4-COr 4'-CH3bpY)J+ + 
Co(NH3)S(Pro h + 

25 p.r. D.k. at 350 and 500 nm in soln. 93A434 
contg. 6.6 x 1O-s mol L-1 

[Ru(bpY)2(4-COr 4'-CH3bpy)t, 
(1.3-7.7) x 10-5 mol L-1 

Co(NH3)s(Pro)l+' 0.13 mol L -I tert-
BuOH and 0.005 mol L -I sodium 
acetate buffer; studied between 5 and 
50°C., MI* = 15 kJ morl

, L\S* = 
-24.2 J mort K-1• 

;21.5 Bis(2,2'-bipyridine )rutbenium(ll)( 4-carboxy-4'-methyl-2,2'-bipyridine ) (prolylprolinato )pentaamminecobalt(Ill), electron 
::tdduct 

22.5.1 Bi8(2,2' -bipyridine)( 4·carboxy-4'.methyl·2,2'.bipyridine)ruthenium(U) ion 

(Ru(bpy}z(4-CO-4'·CH3bpy)(Proh- 6.6 x 108 6.3 
-Co(NH3)Sr3+ + 
[Ru(bpy}z(4-COr 4'.CH3bpy)]+ -+ 
[Ru(bPY):1(4-CO-4'-CH3bpy)(Pro):1-Co(NH3)sl'* 
+ [Ru(bpyh(4-COr 4'-CH3bpy)r 

. U.6 Bis(2,2'-hipyridine)(2,2'-hipyrimidine)ruthenium(ll) ion, electron adduct 

22.6.1 1,1' .Dimethyl-4,4'-bipyridinium 

Ru(bpy}z(bpmt + MV2+ -+ 
Ru(bpy}z(bpm)2+ + MV·+ 

10-13 0.15 

p.r. P.b.k. in soln. contg. [Ru(bpy}z(4- 93A434 
. CO2-4'-CH3bpy)(Pro )rCO(NH3>s]4+. 
0.13 mol L-1 tert·BuOH and 0.005 
mol L-J sodium acetate buffer. 

p.r. P.b.k. at 602 nm in N20-satd. soln. 91A081 
contg. 0.1 mol L-1 fonnate ion, 9lAl98 
Ru(bpy}z(bpm)2+ and My2+; Ie, = 3.7 
X 102 L mol-I S-I calculated from Keq 
and /cr. 

,%2.7 Bis(2,2'-hipyridine)(2,2'-hipyrimidine)ruthenium<ll) ion, electron adduct, protonated 

22.7.1 1,1' .Dimethyl-4,4'·bipyridinium 

Ru(bpYh(bpmH)2+ + MV2+ -+ 
Ru(bpyh(bpm)2+ + MV'+ + H+ 

3.0 0.14 

22.8 (2,2'-Bipyrazine)bis(2,2'-bipyridine)ruthenium(ll) ion, electron adduct 
22.8.1 1,1' .Dimethyl-4,4'.bipyridinium 

Ru(bpyh(bpz)+ + MV2+ -+ 
:Ru(bPYh(bpz)2+ + MV·+ 

10-13 0.15 

p.r. 

p.r. 

22.9 (2,2'-Bipyrazine)his(2,2'-hipyridine)ruthenium(ll) ion, electron adduct, protonated 

22.9.1 l,l'.Dimethyl-4,4'.bipyridinium 

Ru(bpy}z(bpzH)2+ + MV2+-+ 
RU(bpyh(bpz)2+ + MV·+ + H+ 

1.9 X 105 3.0 0.14 p.r. 

P.b.k. at 602 nm in N20-satd. soln. 9lA081 
contg. 0.1 mol L-1 formate ion, 9lA198 
Ru(bpy}z(bpm)2+ and MV2+; k, = 4.5 
X 104 L mol-1 S-I. 

P.b.k. at 602 nm in N20-satd. soln. 9lAOS1 
contg. 0.1 mol L-1 formate ion, 91A198 
Ru(bpy}z(bpz)2T and MV2T; Icr = 3.1 X 

103 L mor1 S-I calculated from Keq 
and /cr. 

P.b.k. at 602 nm in N20-satd. soln. 9lAOS1 
contg. 0.1 mol L':'I formate ion, 91A198 
Ru(bpy}z(bpz)2+ and MV2+; Ie, = 9.3 X 

105 Lmorl S-I. 

22.10 (2,2'-Bipyrazine )(2,2'-hipyridine )(2,2'-bipyrimidine )ruthenium(ll) jon, electron adduct 

22.10.1 1,I'.Dimethyl-4,4'.bipyridinium 

Ru(bpy)(bpm)(bpz)+ + MV2+ -+ 1.0 X 109 

Ru(bpy)(bpm)(bpz)2+ + MV·+ 
10-13 0.15 p.r. P.b.k. at 602 nm in N20-satd. soln. 91AOS1 

contg. 0.1 mol L-1 formate ion, 91A198 
Ru(bpy)(bpm)(bpz)2+ and MV2+; k,= 
1.3 x lOs Lmorl S-1 calculated from 
Keq and kr. 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

22.11 (2,2'-Bipyrazine){2,2'-bipyridine) (2,2'-bipyrimidine)ru thenium(m ion, electron adduct, protonated 

22.11.1 1,1'-Dimethyl.4,4'.bipyridinium 

Ru(bpy)(bpm)(bpzH)2+ + MV2+ ~ 
Ru(bpy)(bpm)(bpz)2+ + MV'+ + H+ 

3.0 0.14 

22.12 Tris(2,2'-bipyrimidine)ruthenium(II) ion, electron adduct 

22.12.1 Tris(2,2' -bipyrimidine)ruthenium(II) ion, electron adduct 

Ru(bpmh + + Ru(bpmh + ~ 2.8 X 107 7.0 

22 _ 1,1'.Dimethyl.4,4'.bipyridinium 

J.u(bpmh + + MV2+ ~ Ru(bpmh 2+ + 1.0 x 109 

MV'+ 

22.12.3 Ascorbate radical anion 

Ru(bpmh + + A'- + H+ ~ 
Ru(bpmh 2+ + AH-

2.1 X 109 

13.0 

10 1.0 

22.13 Tris(2,2' -bipyrimidine)ruthenium(ll) ion, electron adduct, protonated 

22.13.1 1,1' -Dimethyl-:4,4' -bipyridinium 

Ru(bpmh(bpmH)Z+ + MV2+ ~ 
Ru(bpmh2+ + MV'+ + H+ 

3.0 

p.r. 

p.r. 

p.r. 

f.p.lrq 

p.r. 

22.14 (2,2'· Bipyridine) bis(2,2'· bipyrimidine )ruthenium(II) ion, electron- adduct 

22.14.1 1,1' ·Dimethyl.4,4'.bipyridinium 

Ru(bpmh(bpyt + MV2+ ~ 1.3 X 109 10-13 0.15 p.r. 
Ru(bpmh(bpy)2T + My· ... 

P.b.k. at 602 run in NzO-satd. soln. 
contg. 0.1 mol L -1 formate ion, 
Ru(bpy)(bpm)(bpz)2+ and MV2+; kr = 
7.8 X 105 Lmorl s-l. 

91A081 
91A198 

O.k. at 350 and 450 run in N20-satd. 89A280 
soln. contg. 0.1 mol L -1 fonnate ion 
and Ru(bpmhz+. Reaction suggested 
to involve the protonated electron 
adduct; k-1.5 x 107 and -5 x 107 L 
mol-1 s-1 ,at pH 5 and pH 6-7, 
respectively, and k = 18 s-1 at pH 
13.0. 

P.b.k. at 602 run in N20-satd. soln. 89A280 
contg. 0.1 mol L-1 formate ion, (1.3) 
x 10-5 mol L-1 MV2+ and 1.0 x 10-4 
mol L -1 RU(bpmh:l~; ler = 1.2 x 10" L 
mol-I s-1 calculated from Keq and kf 
[9IAOS1]. 

O.k. at 490 nm in soln. contg. 89A280 
Ru(bpmh 2+ and ascorbate ion (RQ). 

P.b.k. at 602 nm in N20-satd. soln. 89A280 
cont~. 0.1 mol L-1 formate ion, 0.5-
4.5) x 10-5 mol L -1 MV2+ and 1.0 x 
10-4 mol L-1 Ru(bpmh2+; pKa = 6.3; 
kr= 6.3 X 104 Lmor1 s-l. 

P.b.k. at 602 nm in NzO-satd. soln. 9lA081 
contg. 0.1 mol L-1 formate ion, 9lAl98 
Ru(bpm}z(bpy)2+ and MVz+; kr = 3.3 
X 103 L mol-1 S-1 calculated from Keq 
and kf. 

22.15 (2,2'.Bipyridine)bis(2,2'·bipyrimidine)ruthenium(II) ion, electron adduct, protonated 

22.15.1 1,1' ~Dimethyl.4,4/.bjpyridinium 

Ru(bpm)(bpmH)(bpyi2 ... .,.. My2 ... -.. 

Ru(bpm)2(bpy)z+ + MV'+ + H+ 
3.0 0.14 p.r. P.u.k.. al602 JUll ill N20-satd. sola. 91A081 

contg. 0.1 mol L-1 formate ion, 91A198 
Ru(bpmh(bpy)z+ and MV2+; kr=7.2 
x 104 L mol-1 s-l. 
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TABLE 22. Rate constants for ruthenium transients - Continued 

Reaction pH I teC) Method Comment Ref. 

11..16 (2,2'· Bipyrazine) bis(2,2'· bipyrimidine )ruthenium(m ion, electron adduct 

22.16.1 1,1' -Dimethyl.4,4' -bipyridinium 

Ru(bpmh(bpzt + MV2+ ~ 
Ru(bpmh(bpz)2+ + MV'+ 

6.0x 108 10-13 0.15 p.r. P.b.k. at 602 nm in N20-satd. soln. 
contg. 0.1 mol L-I formate ion, 
i{u(bpmMbpZ)2+ and My2+; kr = 7.9 
X 105 Lmorl s-I calculated frornKeq 
andkf• 

91A081 
9IAI98 

12.17 (2,2'-Bipyrazine)bis(2,2'-bipyrimidine)ruthenium(m ion, electron adduct, protonated 

22.17.1 1,I'-Dimethyl-4,4' -bipyridinium 

Ru(bprnh(bpzH)2+ + My2+ ~ 8.7 X 103 

RU(bpmh(bPZP+ + MV'+ + H+ 
3.0 0.14 

: 1. .18 lris(2,2' -bipyrazine )ruthenium(m ion, electron adduct 

22.18.1 1,3,6,8,1 O,13,16,19·0ctaazabicyclo[6.6.6]eicosanecoba1t(lll) ion 

Ru(bpzh + + Co(sep)3+ -+ Ru(bpzh2+ 3.3 X 105 10.3 
T Co(scp)2+ 

22.18.2 Oxygen 

Ru(bpzh + + O2 -+ Ru(bpzh2+ + 02" 

22.18.3 Ascorbate radical anion 

Ru(bpzh + + A'- + H+ -+ Ru(bpzh 2+ 
+ AIr 

22.18.4 1,l'.Dimethyl-4,4' ·bipyridinium 

Ru(bpzh + + MV2+ -+ Ru(bpz)l+ + 
MV'+ 

5.8 X 108 

3.8 X 108 

11.0 

4.5-
9.5 

10-13 0.15 

12 1.0 

12.19 Tris(2,2'-bipyrazine)ruthenium(m ion, electron adduct, protonated 

22.19.1 1,1'-Dimethyl-4,4'-hipyridinium 

Ru(bpzh(bpzHf" + MV2 
... -+ 

Ru(bpzh2+ + MY'+ + H+ 
3.0 0.14 

22.19.2 1,3,6,8,10,13,16,19-0ctaazabicyclo[6.6.6]eicosanecobalt(III) ion 

Ru(bpzh(bpzH)2+ + Co(sep)3+ -+ <103 4.0 
RU(bpzh2+ + Co(sep)2+ + H+ 

p.r. 

p.r. 

f.pJrq 

22 f.pJrq 

p.r. 

22 f.p.lrq 

p.r. 

p.r. 

P.b.k. at 602 nm in N20-satd. soln. 91A081 
contg. 0.1 mol L 1 formate ion, 9lAl98 
Ru(bpmh(bpz)2+ and MV2+; kr = 1.7 
X 106 L mori S-I. 

D.k. at 490 nm in N20-satd. soln. 88A091 
~uIllg. 0.13 mol L-1 2-PrOH, 1 x 10-4 

mol L-I RU(bpZ)j.2+ and <3 x 10-5 

mol L-1 Co(sep) +. 

Soln. contg. Ru(bpZh2+, EDTA (RQ) 86AI20 
and 1.3 x 10-3 mol L-I 02' 

D.k. in soln. contg. 5 x 10-5 mol L-1 89EI05 
Ru(bpzh2+ and 3 x 10-3 mol L-I 

ascorbate ion (RQ). 

P.b.k. at 602 nm in N20-satd. soln. 
contg. 0.1 mol L-I formate ion, 
Ru(bpzh2+ and MV2+; kr = l.7 X 107 

Lmor l S-I. 

91A081 
9IAl98 

D.k. at 490 run and p.b.k. at 440 and 89E105 
605 nm in soln. contg. Ru(bpzh2+, 
0.05 mol L-1 triethanolamine (RQ) 
and 2 and 5 x 10-4 mol L-I MV2+; k 
= 5 X 108 L tnol-l s-I was obtained 
using 2 x 10-4 mol L-I My2+ and 
(CH3)2NCH2CH2S- as RQ. 

P.b.k. at 602 run in N20-satd. soln. 
contg. 0.1 mol L-1 formate ion, 
Ru(bpzh2+ and MV2+; kr = 3.3 X 107 

Lmorl S-I. 

91A081 
91A198 

No reaction obs. in the presence of 88A091 
0.1 mol L-1 Co(sep)3+ in N20-satd. 
soln. comg. 0.13 mol L -1 2-PrOH and 
I x 10-4 mol L -I Ru(bpzh2+; pKa of 
protonated electron adduct = 7.1. 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH t(°C) Method Comment 

22.20 Bis(2,2'·bipyrazine)(2,2'·bipyridine)ruthenium(ll) ion, electron adduct 

22.20.1 1,1' -Dimethyl-4,4' .bipyridiniurn 

RU(bpzh(bpy)+ + MV2+ -+ 
Ru(bpzh(bpy)2+ + MV·+ 

8.0x 108 10-13 0.15 p.r. P.b.k. at 602 nm in N20-satd. soln. 
contg. 0.1 mol L-1 fonnate ion, 
Ru(bpz)2(bpy)2+ and MV2+; Icr = 4.8 X 

105 L morl s-1 calculated from Keq 
and kf• 

22.21 Bis(2,2'·bipyrazine)(2,2'·bipyridine)ruthenium(ll) ion, electron adduct, protonated 

22.21.1 1,1' .Dimethyl-4,4' -bipyridinium 

RU(bpz)(bpzH)(bpy)2+ + MV2+ -+ 

Ru(bpzh(bpy)2+ + MV·+ + H+ 
3.0 0.14 p.r. 

22.22 Bis(2,2'· bipyrazine) (2,2'· bipyrimidine )ruthenium(ll) ion, electron adduct 

22.22.1 1,1' -Dimethyl-4,4'.bipyridinium 

Ru(bpzh(bpmt + MV2+ -+ 
Ru(bpzh(bpm)2+ + MV·+ 

5.3 X 108 10-13 0.15 p.r. 

P.h.k. at 602 nm in N20-satd. soln. 
contg. 0.1 mol L-1 formate ion, 
Ru(bpzh(bpy)2+ and MV2+; kr = 4.5 x 
106 Lmorl s-l. 

P.b.k. at 602 run in N20-satd. soln. 
contg. 0.1 mol L-1 formate ion, 
Ru(bpzh(bpm)2+ and MV2+; kr = 7.2 
X 106 L mor I s -I calculated from Keq 
and kf. 

22.23 Bis(2,2'.bipyrazine)(2,2'.bipyrimidine)ruthenium(ll) ion, electron adduct, protonated 

22.23.1 1,1' .Dimethyl-4,4'.bipyridiniurn 

Ru(bpz)(bpzH)(bpm)2+ + MV2+ -+ 

Ru(bpzh(bpm)2+ + MVo+ + H+ 
3.0x 104 

22.24 Tris(2,2' ·bipyridine)ruthenium(m ion, OH-adduct 
22.14.1 Tris(2,l' -blpyrldJoe)rutheDium(D) 100, OH-adduct 

3.0 0.14 

Ru(bpyh-OH2+ + Ru(bpyh-OH2+ -+ 6 X 106 -7 

(5-10) X 106 5-11 1.0 

22.24.2 Ferricyanide ion 

Ru(bpY)3-0H2+ + Fe(CN)63' -+ 

22.2S Tris:(2,2'-bipyrazine)ruthenium(D) ion, OB.adduct 

22.25.1 Tris(2,2'·bipyrazine)ruthenium(ll) ion, OH-adduct 

9.7 

21 

25 

p.r. 

p.r. 

p.r. 

p.r. 

P.h.k. at 602 nm in N20-satd. soln. 
contg. 0.1 mol L-1 formate ion, 
Ru(bpzh(bpm)2+ and MV2+: Ie. = 8.1 
X 106 L mol-l S-I. 

O.k. at 750 nm in N20-satd. soln. 
contg. Ru(bPYh2+; mixt. of adducts; 
unclear whether k or 2k. 

O.k. at 750 nm in N20-satd. soln. 
contg. RU(bPYh2+. 

D.k.at 800 nm and p.b.k. at 479 nm 
in N20-satd. soln. contg. (1-6) x 10-4 
mol L-1 Ru(bpYh2+ and (1.32-5.97) x 
10-4 mol L-1 Fe(CN)63-; k = 3.4 X 

105 L mol-1 s-1 by condy. 
measurement. 

Ref. 

91A081 
91A198 

91A081 
91A198 

91A081 
91A198 

91A081 
91A198 

86A034 

757415 

90A015 

4.0 p.r. D.k. at 450 nm in N20-satd. soln. 88A091 
contg. Ru(bpzh2+; unclear whether k 
or2k. 

22.26 Bis(2,2' -bipyridine)( dipyrido[3,2-a:2' ,3'·c ]phenazine )ruthenium(ll) ion, electron adduct, diprotonated 
22.26.1 Bi!;(2,z' ~bipyrldine)(dlpyrldo[3,z-a:2',3' -c]phenazine)rutheniwn(ll) lou, elect run ",tltluct, tlip,"utuuatc::d 

Ru(hpYh(dppzH2)3+ + 1.2 X 108 3 p.r. O.k. at 390 nm in N20-satd. solo. 89A312 
RU(bpyh(dppzH2)3+ -+ contg. Ru(bPYh(dppz)2+ and 0.1 mol 
Ru(bPYh(dppz)2+ + L-1 formate ion; pKa of reduced 
Ru(bPYh(dppzH2f+ + 2 H+ species = 4 and to. 
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TABLE 22. Rate constants for ruthenium transients - Continued 

• ~, 1 Reaction pH t(°C) Method Comment Ref . 

J 2.27 Bis(2,2' -bipyridine)(dipyrido[3,2-a:2',3' -c ]phenazine)ruthenium(ll) ion, electron adduct, protonated 

22.27.1 Bis(2,2'.bipyridine)(dipyrido[3,2-a:2' .;3'.c]phenazine)ruthenium(II) ion, electron adduct, protonated 

RU(bpyh(dppzH)z+ + 4.7 X 108 7 p.r. O.k .. at 390 nm in NzO-satd. soln. 89A312 
Ru(bpyh(dppzH)z+ --.. contg. Ru(bpYh(dppz)2+ and 0.1 mol 
Ru(bpyh(dppZ)2+ + L-l fonnate ioo; pKa of reduced 
Ru(bpYh(dppzHz)2+ species = 4 and 10. 

! 2.28 Bis(2~2' -bipyridine)( dipyridor3~2-a:2' ~' -c lphenazine)ruthenium(ID ion~ electron adduct 
22.28.1 Bis(2,2'·bipyridine)(dipyrido[3,2-a:2' .;3'-c]phenazine)ruthenium(Il) ion, electron adduct 

2 Ru(bpyh(dppz)+ + 2 H20 --.. 4.3 X 108 12-13 p.r. 
Ru(bpYh(dppz)2+ + 
RU(bPYh(dppzH2)2+ + 2 OH-

22.28.2 1,I'.Dimethyl-4,4'.bipyridinium 

Ru(bpYh(dppz)+ + MV2+ --.. 1.6 X 109 

Ru(bPYh(dppz)Z+ + MV'+ 
13 p.r. 

D.k. at 390 run in N20-satd. solo. 
contg. Ru(bpyh(dppz)z+ and 0.1 mol 
Ll fonnate ioo; pKa of reduced 
species = 4 and 10. 

P.b.k. io N20-satd. soln. contg. 
Ru(bpy)z(dppz)2+ and 0.1 mol L-1 

fonnate ion; at pH 3 and 7 the 
reduction of Ru(bpyh(dppz)2+ by 
MV'+ was observed; pKa of the 
reduced species = 4 and 10. 

22.29 Bis(2,2' -bipyridine)( 6, 7 .dihydro-S,8-dimethyldibenzo[bJ][1,1 O]phenanthroline )ruthenium(1I) ion, electron adduct 
22.29.1 4,7,13,16,21-Pentaoxa-l,10.diazabicyclo[8.8.5]tricosaneeuropium(III) ion 

Ru(bPY)2(DMCH)+ + [Eu 2.2.1]3+ -+ 5.9 X 107 1 22 f.p.lrq 
Ru(bPY)2(DMCH)2+ + [Eu 2.2.1]2+ 

22.30 Tris( 4,4'·dimethyl-2,2' -bipyridine)ruthenium(ll) ion, electron adduct 
22.30.1 Copper(II) ion 

Ru( 4,4' -Me2bpyh + + Cu2+ --.. 
Ru(4,4'-Me2bpyh2+ + Cu+ 

22.30.2 Europium(III) ion 

Ru(4,4'.Me2bPY)3 + + Eu3+-+ 
Ru(4,4'.Me2bpy)l+ + Eu2+ 

3.7 X 108 

4.5 X 107 

6.6 0.04 

0.5 

22.31 Tris(l,lO-pbenantbroline)ruthenium(ll) ion, electron adduct 

22.31.1 Copper(Il) ion 

Ru(phenh + + Cu2+ --.. Ru(phenh2+ + 
Cu+ 

22.31.2 Europium(III) ion 

Ru(phenh + + Eu3+ -+ Ru(pheoh 2+ + 
Eu2+ 

6.6 0.04 

5.2 X 107 0.5 

25 

25 

25 

25 

p.r. 

f.p.lrq 

p.r. 

f.pJrq 

22.32 Tris(4,7.dimethyl-l,lO-phenantbroline)ruthenium(1I) ion, electron adduct 

22.32.1 Europium(llI) ion 

O.k. at 500 nm in soln. contg. 
Ru(bpy)z(DMCH)2+, excess [Eu 
2.2.1]z+ (RQ) and 1 mol L-1 KCI. 

O.k. at 510 nm in soln. contg. 
Ru(4,4'-Me2bPYh2+, 0.5 mol L-1 

tert·BuOH and cacodylate buffer. 

D.k. at 490-510 nm in solo. contg. 
(0.3-3.0) x 10-4 mol L -1 Ru(4,4'. 
Me2bPYh2+ and -0.1 mol L-1 Eu2+ 
(RQ). 

O.k. at 510 om in solo. cootg. 
Ru(pheo)l+' 0.5 mol L -1 tert-BuOH 
and cacodylate buffer. 

O.k. at 490-510 om in soln. contg. 
(0.3-3.0) x 10-4 mol L-1 Ru(pheoh2+ 
ondO.l mol L -I Eu2+ (RQ). 

89A312 

89A312 

86E195 

78A090 

78A087 

78A090 

78A087 

Ru(4,7-Mezphenh + + Eu3+ -+ 

Ru(4,7-Me2phenh2+ + Eu2+ 
5.7 X 107 0.5 25 f.p./rq D.k. at 490-510 om in soln. contg. 78A087 

(0.3-3.0) x 10-4 mo] L-1 Ru(4,7-
Mezphenh2+ and -0.1 mol L-1 Eu2+ 
(RQ). 

J. Phys. Chem. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction k (L mol-I s:-I) pH I t(°C) Method Comment 

22.33 Tris(S-chloro-l,lO-phenanthroIine)ruthenium(ll) ion, electron adduct 

22.33.1 Copper (II) ion 

Ru(5-Clphenh + + Cu2+ ~ 
Ru(5-Clphenh2+ + Cu+ 

22.33.2 Europium(Ill) ion 

Ru(5-Clphenh + + Eu3+ ~ 
Ru(5-Clphenh 2+ + Eu2+ 

2.6 x 108 6.6 0.04 25 

0.5 25 

p.r. 

f.pJrq 

22.34 Tris(1,4,s,8-tetraazaphenanthrene)ruthenium(ll) ion, electron adduct, protonated 

22.34.1 Tris(1,4,5,S·tetraazaphenanthrene )ruthenium(II) ion, electron adduct, protonated 

D.k. at 510 nm in soln. contg. Ru(5-
Clphenh2+, 0.5 mol L-1 tert-BuOR 
and cacodylate buffer. 

D.k. at 490-510 run in soln. contg. 
(0.3-3.0) x 10-4 mol L -I Ru(S-
Clphen)/+ and -0.1 mol L -1 Eu2+ 
(RQ). 

Ref. 

78A090 

78A087 

Ru(TAPh(TAPH)2+ + 1.0 x 109 5 f.p.lrq 
Ru(TAPMTAPH)2+ -+ 

D.k. at 470 nm in Ar- or 02-satd. 92R075 

22.35 Tris(1,4,5,8-tetraazaphenanthrene)ruthenium(ll) ion, electron adduct 

22.35.1 Oxygen 

RU(TAPh'" + 02 ....... Ru(TAP)3'+ -r 

°2'-

22.35.2 1,4.Benzosemiquinone, radical ion 

1.9 X 107 

4.4 x 107 

8.4 X 107 

2.2 X 108 

Ru(TAP)3 + + Q'- + 2 H+ .....J> -5 X 109 

Ru(TAPh2+ + QHz 

22.35.3 1,4-Benzoquinone 

Ru(TAPh + + Q ~ Ru(TAPh 2+ + Q'- 4.3 x 108 

5.6 x 108 

22.35.4 Guanosine 5'.monophosphate radical 

Ru(TAP)/ + [GMP(-H»)" + H+ .....J> 

Ru(TAPh2+ + GMP 

7.5 
8.0 
8.4 
8.9 

6.5 
8.4 

l1 
9 

22.36 trans-Tetraammine(aqua)nitrosylruthenium(ll) ion 

22.36.1 Pentaammine(nitroso)ruthenium(III) ion 

f.p.lrq 

f.p.lrq 

f.p.lrq 

f.p.lrq 

trans-Ru(NH3)4NO(H20)2+ + 8 7.5 0.4 26.0 ,,(-r. 
Ru(NH3)sN03+ ~ 
trans-Ru(NH3)4NO(H20)3+ + 
Ru(NH3hN0 2+ 

soln. contg. 6 x lO-s mol L -I 
Ru(TAPh2+ and 10-2 mol L-1 

guanosine 5'-monophosphate (RQ); 
pKa = 7.6; unclear whether k or 2k. 

D.k. at 1\70 nm in Oz-satd. soIn. 
contg. 6 X 10-5 mol L-1 Ru(TAPh2+ 
and 10-2 mol L-1 guanosine 5'-
mQnophosphate (RQ). 

D.k. at 480 nm in soln. contg. 1.1 x 
10-4 mol L-1 Ru(TAPh2+ and 10-2 

mol L -J hydroquinone (RQ). 

D.k. at 470 nm in Ar-satd. soln. 
contg. 10-4 mol L-1 Ru(TAPh2+, 
10-2 mol L-1 guanosine 5'-

monophosphate (RQ) and 8 x 10-5 

mol L-1 benzoquinone. Change in k 
with pH attributed to protonation of 
Ru(TAP)j +; pKa Ru(TAP}z(TAPH)2+ 
=7.6. 

D.k. at 470 nm in Ar·satd. soln. 
contg. 10-4 mol L-1 Ru(TAP)32+ and 
10-2 mol L-1 GMP (RQ); pKa 
(GMP'+) = 4, pKa Ru(TAP}z(TAPH)2+ 
=7.6. 

Kinetic anal. of zero-order kobs in 
NzO-satd. soln. contg. 2.0 x 10-3 

mol-1 L-1 Ru(NH3)5N03+ and 0.4 
mol L-1 HCOz-. 

92R07S 

87A267 

92R075 

92R075 

78AllO 
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TABLE 22. Rate constants for ruthenium transients - Continued 

NO. Reaction pH I teC) Method Comment Ref. 

:2:1.37 Pentaamminenitrosylruthenium(m ion 

22.37.1 Water 

Ru(NH3)sN02+ + H20 4- 1.8 X 10-2 s-1 7.1 0.4 25.0 "(-r. Kinetic anat. of abs. increase at 315 78AllO 
trans-Ru(NH3}4NO(HzO)2+ + NH3 om in N20-satd. soln. contg. 1.7 x 

10-3 morl L-1 Ru(NH3)sN03+ and 
0.4 mol L -1 HC02 - (or 2-PrOH); Ml* 
= 99.2 kJ mor1, dS* = 45.2 J K-1 

mol-I. 

22.37.2 2·Hydroxy·2,2-dimethylethyl 

Ru(NH3)sN02+ + 'CH2C(CH3hOH 3.7 x 109 6.0- p.r. O.k. at 280 om and p.b.k. in Ar~satd. 79A134 
-+ Ru(NH3hN(O)CH2C(CH3hOH2+ 7.5 soln. contg. Ru(NH3)sN03+ and 0.3 

mol L-I tert-BuOH. 

3.7 X 109 1.0- 23 p.r. O.k. at 280 nm and p.b.k. in 751077 
10.3 deoxygenated soln. contg. (5-50) x 

10-4 mol L-1 Ru(NH3>SN03+ and 
0.1-2 mol L-J ten-BuCH. 

22.37.3 2·Amino-2-carboxy-2-methyletbyl 

Ru(NH3)sN02+ + 3.1 X 109 6.0- p.r. D.k. at 280 nm and p.b.k. in Ar-satd. 79A134 
'CH2C(CH3)(NH3 +)C02- 4- 7.5 soln. contg. RU(NH3)sN03+ and 0.3 
Ru(NH3)sN(O)CH2C(CH3}(NH3)C022+ mol L -1 a-aminoisobutyrate ion. 

22.37.4 (N-Acetyl-N-methylamino )metbyl 

Rl1(NH.,)sN02+ ... 2.9 X 109 6.0- p.r. O.k. at 280 run and p.b.k. in Ar~satd. 79A134 
'CH2N(CH3)C(0)CH3 4- 7.5 soln. contg. Ru(NH3)sN03+ and 0.3 
Ru(NH3)sN(O)CH2N(CH3)C(O)CH32+ mol L-I N,N-dimethylacetamide. 

22.37.S 2-Amino-2-methylpropyl, conjugate acid 

Ru(NH3)sNO:l,+ + 'CH2C(CH3)2NH~ + 2.0 x 109 7.0 p.r. O.k. at 280 om and p.b.k. in Ar~satd. 79A134 
4- Ru(NH3)sN(O)CH2C(CH3h NH3 + soln. contg. 5 x 10-4 mol L-1 

Ru(NH3)sN03+ and 0.3 mol L -1 tert-
butylamine. 

22.37.6 2-Carboxy-2-hydroxy-2-methyletbyl, anion 

Ru(NH3)sNOz+ + 3.0x 109 7.0 p.r. D.k. at 280 nm and p.b.k. in Ar-satd. 79A134 
'CH2C(CH3)(OH)COz- 4- soln. contg. 5 x 10-4 mol L-1 

Ru(NH3)sN(O)CH2C(CH3)(OH)C02 ... Ru(NH3)sN03 ... and 0.3 mol L-1 u.~ 
hydroxyisobutyrate ion. 

22.37.7 2·Carboxy-2,2-dimetbylethyl anion 

Ru(NHj):;,N02+ + 'CH:l,C(CHjhCO,t 2.9 x 109 6.3 p.r. P.b.k. at 343 run nnd d.k. nt 280 run in 79A134 
4- Ru(NH3)sN(O)CHZC{CH3hC02 + Ar-satd. soln. contg. 5 x 10-4 mol 

L-1 Ru(NH3}sN03+ and 0.3 mol L-1 

pivalate ion. 

22.37.8 Oxygen 

Ru(NH3)sN02+ + O2 4- 7.6 X 106 p.r. O.k. at 280 run in air-satd. soln. 751049 
contg. Ru(NH3)sN03+. 

22.37.9 Z-IIydroxy-Z,z-dimetbylethylperoxyl 

Ru(NH3}sN02+ + 3 X 109 p.r. O.k. in air-satd. soln. contg. 1 x 10-3 751077 
(CH3hC(OH)CH200' 4- mol L-1 Ru(NH3)sN03+ and 1 mol 

L-1 tert-BuOH. Authors suggested 
that oxidation to Ru(NH3)sN03"t' 
could occur. 

202.38 Decaammine( dinitrogen)diruthenium(I .. m ion 

22.38.1 Water 

[(NH3)sRuN2Ru(NH3}S]3+ + H20 -+ 8.0 X 104 s-1 7.2 23.5 
RU(NH3)sN2

z+ + other products 
p.r. D.k. at 500 nm in Nrsatd. soln. 

contg. 1 x 10-4 mol L-1 
82A135 

[(NH3)sRuNzRu(NH3)S]4"t' and 0.1 
mol L-1 tert-BuOH; other products 
include Ru(I)-Ru{O) species. 

J. Phvs. Chern. Ref. Data, Vol. 24, No.3, 1995 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH t(oq Method Comment Ref. 

22.39 Decaammine( dinitrogen)diruthemum(m ion, OH-adduct 

22.39.1 First-order reaction 

[(NH3)sRuNzRu(NH3)s]-OH4+ - 1.4 X 104 s-1 6.8 23.S p.r. D.k. at 435 nm in N20-satd. soln. 82A135 
LCNH3)sKUN2f{U(NH3)Sj5+ + OH- contg. 1 x 10 4 mol L-1 

[(NH3)5RuN2Ru(NH3)st~. 

22.40 Decaammine( dinitrogen)diruthenium(n-Ill) ion 

22.40.1 Water 

[{NH3)sRuN2Ru(NH3hls+ + H20 ~ 0.16 s-l 6.8 23.S p.r. D.k. at 235 run in N20-satd. soln. 82Al35 
Ru(NH3)sN2

2+ + Ru{NH3hOH2+ + contg. (2-5) X 10-4 mol L-1 

H+ [(NH3)sRuN2Ru(NH3)S]4+ . 

22.41 Tris( acetylacetonato )ruthenate(ll) ion 

22.41.1 Hydrogen ion 

Ru(acach - + H+ ~ Ru(acach + ::;1 x 102 3.5- 25 p.r. Estd. from condy. change in He-satd. 79A297 
acacH 7.0 soln. contg. 5 x 10-4 mol I;""l 

Ru(acac)3 and 0.1 mol L-1 terr-
BuOH; pKa of Ru(acachH <3.5. 

22.41.2 First-order reaction 

Ru(acac)3 - ~ Ru(acac)2 + acac- ::;3 x 10-2 s-l 3.5- 25 p.r. Estd. from condy. change in He-satd. 79A297 
7.0 soJn. contg. 5 x 10-4 mol L-1 

Rn(acach and 0.1 mol L -1 terr-
BuOH. 

22.42 Pentaammine( chloro)ruthenium(m ion 

22.42.1 Watee 

Ru(NH3)sCl+ + H20 ~ 4.7 s-1 20 p.r. D.k. at 280 run in soln. contg. 0.1 mol '700178 
Ru(NH3h(H20)2+ + el- L -I MeOH and -1.5 x 10-4 mol L-1 

Ru(NH3)sCI2+ • 

22.43 Pentaammine(aquo)ruthenium(m ion 

22.43.1 Pentaammine(chJoro)ruthenium(lII) ion 

Ru(NH3)s(H20)2+ + Ru(NH3>SCI2+ 1.0 x 103 0.0003 20 p.r. O.k. at 330 run in soln. contg. 0.1 mol 700178 
~ Ru(NH3h(H20)3+ + Ru(NH3)sCl+ L -1 MeOH and -1.5 x 10-4 mol L-1 

Ru(NH3)sCI2+. 

22.44 Tris(2,2'-bipyridine)ruthenium(m ion, H-adduct 

22.44.1 Tris(2,2' -bipyridine)ruthenium(II) ion, H-adduct 

Ru(bpyh-H2+ + Ru(bpYh-H2+ ~ 6.6 X 108 -1 p.r. O.k. in soln. contg. Ru(bpyh2+, 0.05 720381 

Ru(bPYh2+ + Ru(bPYh(bpyH2)2+ mol L -1 HCI04 and 0.5 mol L -1 fert-

BuOH; unclear whether k or 2k. 

22.45 Pentaammine( dinitrogen)ruthenium(Ill) ion 

22.45.1 Water 

Ru(NH3hNl+ + H20 ~ 260 S-1 20 p.r. P.b.k. at 310 nm and d.k. at 430 nm in 710234 

Ru(NH3hOH2+ + H+ + N2 NzO-satd. soin. contg. (5.5 or 11) x 
10-4 mol 1:1 Ru(NH3hN/+; average 
of two values. 

22.46 Hexacyanoruthenate(Ill) ion 

22.46.1 Ferrocyanide ion 

Ru(CN)/- + Fe(CN)6 4- ~ 2.8 X 106 0.03 25 f.p.lpi P.b.k. at 420 nrn and d.k. at 455 nrn in 90A168 
Ru(CN)64- + Fe(CN)63- 2.4 x lO7 0.075 soln. contg 4 x 10-3 mol VI 

9.6 x 107 0.24 Ru(CN)64-, Fe(CN)64
- and KCl. 

1.7 x 10& 0.44 

J. Phys. Chern. Ref. Data, Vol. 24~ No. 3~ 1995 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH teC) Method Comment Ref. 

22.46 Hexacyanoruthenate(lll) ion - Continued 

22.46.2 Hexacyanoosmate(U) ion 

:R.u(CN)l- + OS(CN)6 4- ~ 
Ru(CN)64- + Os(CN)l-

2.1 X 105 
2.1 X 106 

6.6x 106 

1.2 x 107 

0.03 
0.075 
0.24 
0.44 

25 f.pJpi 

22.47 Bis(2,2' -bipyridine )bis( cyano )ruthenium(lll) ion 

22.47.1 Iron(U) sulfate 

Ru(bpyh(CNh + + FeS04 ~ 
Ru(bpyh(CN)2 + FeSO/ 

2.0x 105 

22.47.2 .1,1'-Dimethyl-4,4'-bipyridinium radical cation 

0.3 

Ru(bpyh(CN)2 + + MV'+ -+ 9.4 x 109 5-7 
RU(bPYh(CNh + MVz+ 

1.8 X 1010 

22.48 2-(Aminomethyl)pyridinebis(2,2' -bipyridine )ruthenium(III) ion 

20 

22.48.1 2-(Aminomethyl)pyridinebis(2,2' -bipyridine)ruthenium(ID) ion, deprotonated 

f.p.loq 

f.p.loq 

f.p.lpi 

RU(bpyh(pyCH2NH2)3+ + 1 X 109 0-2 1.0 24 f.p.loq 
RU(bpyh(pyCH2NH)2+ ~ 
RU(bpyh(pyCH2NH2)2+ + 
Ru(bpYh(PyCH2NH)3+ 

22.49 2-(Aminomethyl)pyridinebis(2,2' -bipyridine )ruthenium(III) ion, deprotonated 

22.49.1 Hydrogen ion 

Ru(bpYh(pyCH2NH)2+ + W ~ 
RU(bpyh(pyCH2NH2)3+ 

1 X 109 0-2 1.0 24 f.pJoq 

22.50 Tris(2,2'-bipyrldine )ruthenium(III) ion 

22.s0.1 Silver(l) ion, complex with Ag(O) 

RU(bpyh3+ + Ag2 + ~ Ru(bpyh2+ + 2 1.2 X 1010 f.p.loq 
Ag+ 

22.50.2 Ethylenediaminetetraacetatocobaltate(II) ion 

Ru(bpyh3+ + CoEDTA2- ~ 
Ru(bpyh2+ + CoEDTA-

9x 103 4.75 25 

22.50.3 S-Methyl-l,3,13,16-tetraaza-6,10,19-trithiabicyclo[6.6.6]eicosanecobaJt(U) ion 

RU(bpyh3+ + Co(AZAcapteni+ ~ -5 x 108 f.p.loq. 
Ru(bpyh 2+ + Co(AZAcapten)3+ 

22.s0.4 1,3,6,S,10,13,16,19-0ctaazabicyclo[6.6.6]eicosanecobalt(U) ion 

D.k. at 455 nm in soln. contg 90A168 
Ru(CN)64

- and OS(CN)64- and KCl. 

Calcd. from current-time curve; soln. 80E224 
cootg. 0.5 mol L-1 H2S04, 3 X 10-4 
mol L-1 Ru(bpyh(CN)2 and {Fe2+] = 
[Fe:H] (OQ). 

D.k. at 600 nm in soln. contg. 5.5 x 85B030 
10 5 mol L 1 RU{bpYh(CNh and 3 x 
10-3 mol L-1 MV2+ (OQ). 

D.k. at 395 nm in Nrsatd. solo. 84AI77 
cootg. 10-2 mol L-1 MV2+ and 10-4 
mol L -1 Ru(bpyh(CN)2' 

D.k. at 436 nm in deaerated soln. 81A225 
contg.1.01 x 10-5 mol L-1 

Ru(bpyh(pyCH2NH2)2+, 2 X 10-3 

mol L-1 Fe3+ (OQ) and 0.01-1.00 mol 
L -1 HCI04; k = 9 X 108 L mor1 s-1 in 
1.0 mol L -1 H2S04; kr = 5 X 106 L 
mor1 s-l. 

O.k. at 436 nm in deaerated soln. 
contg.1.01 x 10-5 mol L-1 

Ru(bpYh(PyCH2NH2)2+, 2 X 10-3 

mol L-1 Fe3+ (OQ) and 0.01-1.00 mol 
L-l HCI04; k = 2 X 109 L mOrl S-1 in 
1.0 mol L -1 H2S04; kr = 5 X 106 L 
mor1 s-l. 

P.b.k. in soln. contg. RU(bpyh2+ and 
Ag+(OQ). 

In 0.05 mol L-1 acetate buffer. 

P.b.k. at 470 nm in soln. contg. 
RU(bpyh2+ and Co(AZAcapteo)3+ 
(OQ). 

81A225 

8OCOO4 

85F089 

85F222 

RU(bpyh3+ + Co(sep)2+ ~ 5.5 x 108 0.2 
RU(bpyh2+ + Co(sep)3+ 

25 f.p.loq P.b.k. at 450 nm in soln. contg. (2-5) 84A238 
x 10-5 molL-1 RU(bpyh2+ and (1-7) 
x 10-3 mol L-1 Co(sep)3+ (OQ). 

J. Phvs. Chem. Ref. Data. Vol. 24. No.3. 1995 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH teC) Method Comment Ref. 

22.50 Tris(2,2'-bipyridine)ruthenium(Ill) ion - Continued 

22.50.5 1,4,8,11· Tetraazacyciotetradecanecobalt(lI) ion 

Ru(bPY)/+ + Co(cyclam)2+ ~ 3.2 x 107 

RU(bpyh2+ + Co(cyclam)3+ 
0.1 

22.50.6 2,3,9,1 0-Tetramethyl.l,4,8,11-tetraazacyclotetradecanecobalt(ll) ion 

Ru(bpyh3+ + CO(Me4[14]aneN4)2+ 5.9 x lOs 0.1 
~ RU(bpyh2+ + Co(Me4[14]aneN4)3+ 

25 

25 

22.50.7 5,7,7 ,12,14,14-Hexamethyl-l ,4,8,1l-tetraazacyclotetradecanecobalt(ll) ion 

f.p./oq 

f.p./oq 

Ru(bpyh3+ + CO(Me6[14]aneN4)2+ 7.7 x 106 0.1 25 f.pJoq 
~ Ru(bpyh2+ + CO(Me6[l4]aneN4)3+ 

22.50.8 2,3,9,1 0-Tetramethyl.l,4,8,11-tetraazacyclotetradeca-l,3,S,10.tetraenecobaJt(lI) ion 

Ru(bpyh::l+ .... Co(Mc4teUaCllcN4)2.j. 2.1 x 107 0.1 25 f.v.luq 
~ Ru(bpyh 2+ + 
Co(Me4tetraeneN 4)3+ 

22.50.9 1,4,8,12.Tetraazacyclopentadecanecobalt(ll) ion 

Ru(bpyh3+ + Co([15]aneN4)2+ ~ 1.8 x 107 

Ru(bPYh2+ + Co([15]aneN4)3+ 

22.50.10 Tris(2,2' -bipyridine )cobalt(ll) ion 

Ru(bpyh3+ + Co(bpYh2+ ~ 1.3 X 108 

Ru(bpyh2+ + Co(bpYh~H 

2.4 X 108 

22.50.11 Tris(l,lO·phenanthroline)cobalt(lI) ion 

Ru(bpyh3+ + Co(phenh2+ ~ 
Ru(bpyh2+ + Co(phenh 3+ 

1.4 X 108 

22.50.12 3,10,17,24. Tetrasulfophthalocyaninecobaltate(I1) ion 

Ru(bpyh3+ + Co(tspC)4- ~ 4.5 X 107 

Ru(bpyh2+ + Co(tspc)3-

22.50.13 3,10,17,24. Tetrasulfophthalocyaninecobaltate(l) ion 

Ru(bpyh3+ + Co(tspc)s- ~ 2.9 x 108 1~3 
Ru(bpYh2+ + Co(tspc)4-

22.50.14 Decaammine-jl-peroxidodicobalt(lII) ion 

Ru(bPYh3+ + [Co(NH3)sh<0 2)4+ ~ 1.3 X 107 0 
Ru(bPYh2+ + [Co(NH3)sh(02)S+ 

0.1 25 f.p.loq 

1.0 f.p.loq 

1.0 25 f.p.loq 

1.0 25 f.p.loq 

f.p.loq 

f.p.loq 

f.p./oq 

P.b.k. at 443 nm in soln. contg. 90A221 
Ru(bpyh2+, Co(NH3)sPy3+ (OQ) and 
Co(cyclam)2+. 

P.b.k. at 443 nm in soln. contg. 90A221 
Ru(bpYh2+, Co(NH3)sB~+ (OQ), 
Co(NH3)sCI3+ (OQ) or 820 8

2- (OQ) 
and CO(Me4[14]aneN4)2+; average of 
three values. 

P.b.k. at 443 nm in soln. contg. 90A22 I 
Ru(bPYh2+, CO(NH3)sB~+ (OQ) or 
Co(NH3)sC12+ (OQ) and 
CO(Me6[14JaneN4)z"I"; average of two 
values. 

P.u.k.. I:ll443 lUll ill suill. ~ulllg. 90A221 
Ru(bpY)32+ and Co(Me4tetraeneN4)3+ 
(OQ). 

P.b.k. at 443 nm in soln. contg. 90A221 
Ru(bpyh2+, CO(NH3>SB~+ (OQ) or 
Co(NH3)sCI2+ (OQ) and 
C~([15]aneN4i+; average of two 
values. 

Soln. contg. Ru(bpyh2+ and 
Co(bpYhH (OQ). 

82F048 

D.k. at 675 nm in soln. contg. 7.5 x 80A003 
10-5 mol L -1 Ru(bPYh2+ and 0.5 or 
10)( 10-3 mol 1.-1 Co(hpyh3+ (OQ); 

studied at 5-25 °C, Ea = -11.8 kJ 
mOrl. 

D.k. at 675 nm in soln. contg. 7.5 x 80A003 
10-5 mol L -1 Ru(bpyh2+ and 0.25-
2.0 x 10-3 mol L-1 Co(phenh3+ 
(OQ); the same value was obtained 
under pseudo-first order conditions 
with addn. of 1.0 x 10-4 mol L-1 

Co(phenh2+. Studied at 5-25 °C, Ea 
= -4.6 ± 3.7 kJ morl. 

D.k. at 580 nm; mixed dimer contg. 79A090 
(5-10) x 10-3 Ru(bPYh2+ and (1-5) x 
10-6 Illul L-1 CU(l:Sp~)~- (OQ). 

D.k. at 520 nm in deaerated soln. 79A090 
contg. 0.001-0.1 mol L -I Hel, 
0.001-0.01 mol L-1 Ru(bpyh2+ and 
Co(tspC)4- (OQ). 

P.h.k. at 450 nm in soln. contg. 81A065 
Ru(bPYh2+, [Co(NH3hh(02)S+ (OQ) 
and 1 mol L-1 HCl. 
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TABLE 22. Rate constants· for ruthenium ,transients' ;..;.:.... Contiilued 

f:,React:ion 

~o ", ,rrns(2,2'.bipyridine)ruthenium(lll) ion- ' C~ritiniled 
#~O~l:5" J1';Ainido~J1.-peroxidooctakisamminedicobalt(lll) ion 

;;RU(bpY>3~++NHi[C~(NH3)4h(02)3-'- 3.4x 105 0 
'~:~11{bpYh2~,+>; , ", ' 
:c@li[OO(NH3)4]i(Oi)4+ 

!l~~.16','. '~~AnlidO-J1.pe"~XidotetrakiS(ethYlenediamine)dicObalt(lD) ion 

'::-Rn(bpY)3j~ +NHi[C6(en)~h(O~)~+ 25 xl06 0 
"<Ril(bPYh2+ + 
, ", NIJ2[Co(~n)U2(02)~ 

225!:~7'" • J1-Antici~~~.peroXidotetrakiS(2,2'.b!pyridine)diCObalt(lD) ion 

,i~(1)pYh3++l:ffl2[Co(bpyhh(02)3+ 3;0 X 108 0 

.~:]h~O,lpYh~~t. .' , 
'~2[Co(bPY)2h(02)~' 

~~0.18:' •• ,.:J1-Amid~J1.peroxidotetr~(1,lU';PbenantIttOnne)diCObaJt(Ill) ion 

~:~u(i,pYh3+*N~h[Co(phenhh«(h)3+ 3.6 x 108 () 

1:"Ru(bpYh~:".+:" !.':" 
NH~rCofp~~,hh(Q'2)'!+ 

:2~~O.19:·· ' •. Cl1rom~um(U) iOIl· . 

; RU(bpyh3+ + cx2+ '-+ RU(bpyh2++" 
C~,·", 

:22~O~O;' .Pentaa.~ethylchronihnn(lll) ion ' 

Rl1O,pyh3+ +(H;O)SCtO{32+~ <i03 
, J~u(bpYh2++<H.20)sGrCH33+ 

,:.2250.21 . Pentaaqua(ethyl)chiomiuni(lll) ion 

~Ru(bPY)33++(li20);Cl'cH2CHl+-+ 2.0 x 105 

RU(bPY)32+ + (H20 )SCtqI2CH33+ .. 

2~~0.22,. Pentaaqua{iso~ropyl)cbromium(lD)ion 

Ru(bpy)33++ (H20)sCrCH(CH3h2+ 4.3 x 107 

....... R~(bpYh2+. + 
J(H2()sCrCH(CH3)l+ ; 

. "Z2~O~ Pentaaqua(methoxymethyl)chromium(lll) ion 

'.~ ;Ru(bpy)l+ + (IJ20 )sCrCH2OCH3
2+ 

"-+Ru(bpYh2+ + 
(lf20 )sCrCH2OCH33+ ' 

LOx 107 

22~0.24 Pentaaqua(4-cyanobenzyl)chromium(lll) ion 

Ru(bPYh3++ " . 9.5 X 106 

(H20)sCr(4-CH2C6H4CN2+ ,-+ 
RU(bPYh2+ + 
(H20)sCr(4-C:H:2C61i4<:N)3+ 

1- 0.1 
1.2 

1- 0.1 
1.2 

1- 0.1 
1'.2 

1., 0.1 
1.2 

1- 0.1 
1.2 

t(°C)Method Comment 

f.pJoq P.b.k. at 450 run in 8OIn. contg. 
RU(bPYh 2+, NH2[Co(NH3)4h(O:z)4+ 
(OQ) ~dlniolL-lHCl. " 

f.pJoq P.b.k. at 450 nm in soln.contg. 
Ru(bpYh 2+ ,NJI2[Co(~n)2h(Q2)4+ 
(OQ)and 1 molt-1'HC1;k=7;6x 
l()sL morl S-1 detd~ by s:f. 

f.pJoq P.b.k. at 450 nrii in soln. contg. 
Ru(bPY)32+, N1I2[Co(bpyhh(02)4+ 
(OQ) and 1 moIL-:-! HCl. 

f.pioq P.b.le. at 450 nmin soln.contg. 
Ru(bPYh 2+ arid 
NH2[Co(phenhh(02)~ (OQ)and 1 
mol L-1HCL " ' 

25 f.pJoq P.b.~. at 450nm in soID.contg.(1.2;. 
2.6)>< 10-5 mol L-1 Ru(bpYh2+,{2-
10) xlO-3 mol L-ICo(NH3)sB~+ 
(OQ)and (2:;210) x 10"'"smol L -1 ' 

(H20)sCrCHl+; [Hl = 0.07-0.095, 
morL-l . ' " ' 

25 f.pJoq P.b.k. at 450 nmin solD. contg. (1.2-
2.6) x lO-s mol L-1 Ru(bpYh2+, (2-
10) x 10-3 mol L-1 Co(NH3)sB~+ 
':OQ) and (2-210)x 10-5 Iriol L-1 

.' (H20)sCrCH2CHl+; [H1 =0;07-
0.095 mol L-1; 

25 f.pJoq P.b.k. at 450nm in soln. contg. (1.2-
2.6) x IO~S'morL-:-lRu(bpYh2+~ (2;; 
10) X 10-3 molL-1 Co(NH3)sBr4+ 
(OQ) and (2;;210) xlO-s molL-:1 

(H20)sCrCH(CH3h2+; [H"1 =0.07.; 
0.095 mol L -1. , 

25 f.pJoq P.b;k. at 450 nm in soln~ contg.(1.2-
2.6) x 10-5 mol L-1 Ru(bpy)l+,(2-: 
10) x 1O-3 mo} L-1 CO(NH3)sBx2+ 
(OQ) and (2-210) x 10-5 inol L-:l 
(H20 )sCrCH20CH3

2+; [H"1=0.07-
'0.095 mol L-1• 

25 f.pJoq P.b.k. at 450 nm in solD. contg. (1.2-
2.6) x 10':'"5 molL-1 Ru(bpYh2+, (2-
lO)x 10-3 mol L -lCo(NH3)sBx2+ 
(OQ) and (2-210) x 10-:5 mol L-1 

(H20 )sCr(4-CH2C6H4CN)2+; [H+:J = 
0.07':'0.095 molL-I. 

1221 

81A065 

81A065 

81A065 

,81A065 

86A536 

86A536 

86A536 

86A536 

86A536 

36A536 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH I t(°C) Method Comment Ref. 

22.50 Tris(2,2'-bipyridine)ruthenium(llI) ion - Continued 

22.50.25 Pentaaqua[4-(triftuoromethyl)benzyl]chromiwn(TIl) ion 

Ru(bpyh3+ + 1.7 X 107 1- 0.1 25 f.pJoq P.b.k. at 450 nm in soln. contg. {1.2- 86A536 
(H20)SCrCH2C6H4-4-CF32-4- - 1.2 2.6) x 10-5 mol L -1 RU(bPY}J l+, (2-
Ru(bPYh2+ + 10) X 10-3 mol L-1 Co(NH3hB~+ 
(H20)SCrCH2C6H44-CF33+ (OQ) and (2-210) x 10-5 mol L-1 

(H20)sCr(4-CH2C:~H4CF3)2+; [H1:: 
0.07-0.095 mol L . 

22.50.26 Pentaaqua(benzyl)chromiwn(TIl) ion 

Ru(bpYh3+ + (H2O)sCrCH2C6Hl+ 5.3 X 108 1- 0.1 25 f.pJoq P.b.k. at 450 run in soln. contg. (1.2- 86A536 
~ RU(bpyh2+ + (H20)sCrCH2C6Hs3+ 1.2 2.6) x lO-s mol L-1 RU(bpyh2+, (2-

10) x 10-3 mol L-1 Co(NH3)sB~+ 
(OQ) and (2-210) x lO-s mol L-1 

(H20)sCrCH2C6Hl+; [H1 == 0.07-
0.095 mol L -1. 

22.50.27 Pentaaqua( 4-methylbenzyl)chromiwn(lIl) ion 

Ru(bpYh3+ + 2.9 X 108 1- 0.1 25 f.pJoq P.b.k. at 450 run in soln. contg. (1.2- 86A536 
(H20)5CrCH2C6~-4-CH~ 2+ ~ 1.2 2.6) x lO-s mol L-1 Ru(bpYh2+. (2-
Ru(bpyh2+ + 10) X 10-3 mol x;-1 Co(NH3>SB~+ 
(H20)SCrCH2C6H4-4-CH33+ (OQ) and (2-210) x 10-5 mol L-1 

(H20)5Cr(4-CH2C:~H4CH3)2+; [Hi = 
0.07-0.095 mol L . 

22.50.2S (Methyl)-1,4,S,12-tetraazacyclopentadecanechromiwn(lll) ion 

Ru(bPYh3+ + CH3Cr([15]aneN4)2+ ~ 14 2 0.21 25 thermo P.b.k. at 450 run in soln. contg. 91A511 
Ru(bpYh2+ + CH3Cr([15]aneN4)3+ Rq(bPYh2+.0.01 mol L-1 H+. 0.2 mol 

L -1 NaCI04 and 
CH3Cr([15]aneN4)2+. 

22.50.29 (Ethyl)-1,4,S,12-tetraazacyclopentadecanechromium(lll) ion 

Ru(bpy>:s3+ I 2.1 x 104 2 0.21 2S f.p.loq P.h.k. at 450 nm in soln. contg. 91A511 
CH3CH2Cr([15]aneN4)2+ ~ Ru(bPy)l+, CO(NH3)sB~+. or 
Ru(bpYh2+ + Co(NH3)SPy3+ or Co(NH3)s(H20)3+ 
CH3CH2Cr([15]aneN4)3+ (OQ),O.Ol mol L-1 H+'0.2 mol L-1 

NnCI04 nnd 
CH3CH2Cr([15]aneN4)2+. 

22.50.30 (Propyl)-1,4,S,12-tetraazacyclopentadecanechromiwn(lll) ion 

RU(bPYh3+ + 3.5 X 103 2 0.21 25 f.p.loq P.b.k. at 450 run in soln. contg. 91A511 
CH3CH2CH2Cr([15]aneN4)2+ ~ RU(bpyh2+, CO(NH3)5B~+ (OQ), 
Ru(bPYh2++ 0.01 mol L-1 H+. 0.2 mol L-1 NaCI04 
CH3CH2CH2Cr([15]aneN4)3+ and CH3CH2CH2Cr([15]aneN4)2+. 

22.50.31 (l-Methylethyl)-1,4,S,12-tetraazacyclopentadecanechromium(lll) ion 

Ru(bpYh3+ + 4.7 X 106 2 0.21 25 f.pJoq P.h.k. at 450 run in soln. contg. 91A511 
(CH3hCHCr([15]aneN4)2+ ~ RU(bpyh2+. Co(NH3)sB~+ (OQ), 
RU(bPy)l+ + 0.01 mol L-1 H+, 0.2 mol L-1 NaCI04 
(CH3hCHCr([15]aneN4)'''' and (CH3hCHCr([15]aneN4)2 .... 

22.50.32 (Butyl)-1,4,S,12-tetraazacyclopentadecanechromium(lII) ion 

RU(bPYh3+ + 3.8 X 103 2 0.21 25 f.p.loq P.b.k. at 450 nm in soln. contg. 91A511 
CH3(Cn2hCl([15]am~N4f+ ...... Ru(bpy}J2+, CO(NH3)SU.-2+ (OQ), 

Ru(bPYh2+ + 0.010 mol L-1 H+, 0.20 mol L-1 

CH3(CH2hCr([15]aneN4)3+ NaCI04 and 
CH3(CH2)3Cr([15]aneN4)2+. 

22.50.33 (2-Butyl)-1,4,S,12-tetraazacyclopentadecanechromium(lll) ion 

Ru(bpy)l+ + 1.4 X 106 2 0.21 25 f.p.loq P.b.k. at 450 nm in soln. contg. 91A511 
CH3CH2CH(CH3)Cr([15]aneN4)2+ ~ RU(bpyh2+, CO(NH3)sB~+ (OQ), 
Ru(bpyh2+ + 0.01 mol L-1 H+, 0.2 mol L-1 NaCI04 
CH3CH2CH(CH3)Cr([15]aneN4)3+ and 

CH3CH2CH(CH3)Cr([15]aneN4)2+. 
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TABLE 22. Rate constants for ruthenium transients - Continued 

~o:- -Reaction pH I t(0C) Method Comment Ref. 

~2.:50 This(2,2'-bipyridine)ruthenium(Ill) ion - Continued 

~2.50.34 (Cyclobexyl)-1,4,8,12-tetraazacyclopentadecanecbromium(IIl) ion 

RU(bpyh3+ + 1.2 X 107 2 0.21 
c-C6H 11 Cr([15]aneN4)2+ --+ 

RU(bpyh2+ + 3 
c-C6H11Cr([15]aneN4) + 

25 f.pJoq 

~2.50.35 (phenylmetbyl)-1,4,8,12-tetraazacyclopentadecanechromium(IIl) ion 

Ru(bpyh3+ + 5.5 X 108 2 0.21 
~HsCH2Cr([15]aneN4i+ --+ 

Ru(bpy) 2+ + 
3 3 

C6HsCH2Cr([15]aneN4) + 

25 f.pJoq 

22.50.36 (4-Brornobenzyl)-1,4,8,12-tetraazacyclopentadecanechromium(IIl) ion 

RU(bpyh3+ + 4.3 X 108 2 0.21 
4-BrC6H4CH2Cr([15]aneN4)2+ --+ 

RU(bpyh2+ + 
4-BrC6H4CH2Cr([15]aneN4)3+ 

25 f.pJoq 

22.50.37 (4-Cbloropbenylrnetbyl)-1,4,8,12-tetraazacyclopentadecanechromium(III) ion 

RU(bpyh3+ + 3.8 X 108 2 0.21 25 f.pJoq 
4-ClC6H4CH2Cr([15]aneN4)2+ --+ 

RU(bpyh2+ + _ 
4-CIC6H4CH2Cr([15]aneN4)3+ 

22.50.38 (4-FIuoropbenylmetbyI)-1,4,8,12-tetraazacyciopentadecanecbrorniurn (III) ion 

RU(bpyh3+ + 3.0 X 108 2 0.21 25 f.pJoq 
4-FC6H4CH2Cr([l5]aneN4)2+ --+ 

RU(bpyh2+ + 
4-FC6H4CH2Cr([15]aneN 4)3+ 

22.50.39 (4.Methylbenzyl).1,4,8,12-tetraazacyclopentadecanecbromium(IIl) ion 

Ru(bpy) 3+ + 1.1 X 109 2 0.21 25 f.pJoq 
3 2 

4-CH3C6H.tCH,Cr!r151aneN4) + --+ 

Ru(bpy) 2+ + 
3 3 

4-CH3C6H4CH2Cr([15]aneN4) + 

22.50.40 (4-1iifluorometbyl)pbenylrnetbyl·l,4,8,12-tetraazacyclopentadecanecbrornium(IIl) ion 

Ru(bpY)33.,. + 2.7 X 107 2 0.21 25 f.pJoq 
4-CF3C6H4CH2Cr([151aneN4)2+ --+ 

Ru(bpy) 2+ + 
3 3 

4-CF3C6H4CH2Cr([15]aneN4) + 

22.50Al (4·Methoxypbenylmetbyl).1,4,8,12-tetraazacyclopentadecanecbrornium(lll) ion 

RU(bpyh3+ + 1.2 X 109 2 0.21 25 f.pJoq 
4-CH3OC6H4CH2Cr([IS]aneN4)2+ --+ 

Ru(bpy) 2++ 
3 3 

4-CH30C6H4CH2Cr([15]aneN4) + 

22.50.42 Copper(l) ion 

P.h.k. at 450 om in solo. contg. 91A511 
RU(bpyh2+, CO(NH3)5B~+ (OQ), 
0.01 mol L-1 H+, 0.2 mol L-1 NaCI04 
and c-C6H 11 Cr([IS]aneN 4)2+. 

P.h.k. at 450 run in soln. contg. 91A511 
RU(bpyh2+, CO(NH3)sBr1+ (OQ), 
0.01 mol L -1 H+, 0.2 mol L -1 NaCI04 
and C6H5CH2Cr([15]aneN4)2+. 

P.h.k. at 450 om in soln. contg. 91A511 
Ru(bpy)l+, CO(NH3)5B~+ (OQ), 
{lOI mol L-1 H+, 0.2 mol L-1 NaCI04 
and 4-BrC6H4CH2Cr([15]aneN4)2+. 

P.h.k. at 450 om in soln. contg. 91A511 
RU(bpyh2+, CO(NH3)5B~+ (OQ), 
0.01 mol L-1 H+, 0.2 mol L-1 NaCI04 
and 4-CIC6H4CH2Cr([15]aneN4)2+. 

P.h.k. at 450 om in solo. contg. 91A511 
Ru(bpyh2+, Co(NH3)5B~+ (OQ), 
.0.01 mol L-1 W, 0.2 mol L-1 NaCl04 
and 4-FC6H4CH2Cr([15]aneN4)2+. 

P.h.k. at 450 nm in solo. contg. 91A511 
Ru(hpYh2+, Co(NH3)sRr2+ (OQ), 
0.01 mol L -1 W, 0.2 mol L -I NaCI04 
and 4-CH3C6F4CH2Cr([15JaneN4)2+. 

P.h.k. at 450 om in soln. contg. 91A511 
Ru(bpYh2+, CO(NH3)5B~+ (OQ), 
0.01 mol L -1 H+, 0.2 mol L -1 NaQ04 
and 4-CF3C6H4CH2Cr([15]aneN4)2+. 

P.h.k. at 450 run io soln. contg. 91A511 
RU(bpyh 2+, Co(NH3)5B~+ (OQ), 
0.01 mol L -1 W, 0.2 mol L -1 NaCI04 
and 4-
CH30C6H4CH2Cr([15]aneN4)2+. 

Ru(bpy) 3+ + Cu+ --+ Ru(bpy) 2+ + 
2 

3 3 
eu+ 

0.3 
<0 

25 f.p.loq P.h.k. at 450 nm in soln. contg. 10-5 78A090 
mol L-1 RU(bpyh2+, 0.01-0.06 mol 
L -1 Cu2+ (eQ) and in 0.5 and 2.4 mol 
L -I HCI04• respectively. 

9.7 x 108 0.3 

1.0 

o 1.9 

25 f.p.loq P.h.k. at 450 run in soln. contg. 10-5 78A090 
mol L-1 Ru(bpY)32+, 0.01-0.06 mol 
L-1 Cu2+ (OQ) and 0.5 mol L-1 

sulfUric acid. 

21 f.pJoq P.b.k. in deoxygenated soln. contg. 
RU(bpyh2+ and Cu2+ (OQ). 

78F683 

24 f.pJoq D.k. nt 480 nm in soln. contg. 771093 
RU(bpyh2+, Cu2+ (OQ) and 1 mol L-1 

HCI04' 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH I t(°C) Method Commeot Ref. 

22.50 lris(2,2'-hipyridine)rutbenium(Ill) ion - Cootinued 

22.50.43 Copper(l) chloride 

RU(bpyh3+ + CuCI ~ Ru(bpyh2+ + 3.5 X 109 1.0 21 f.p.loq P.b.k. in deoxygenated solo. contg. 78F683 
CuCI+ Ru(bpyh2+, 0.10 mol L-1 HCI04, 0.5 

mol L -I NaCI and Cu(II) ioos (OQ); 
75% CuCI+. 

22.50.44 Tetraformatocuprate(l) ion 

Ru(bpyh3+ + Cu(HC02)43- ~ 2.1 X 109 1.0 21 f.p.loq P.b.k. in deoxygenated solo. contg. 78F683 
RU(bpyh2+ + Cu(HC02)/- Ru(bpy)l+, 0.10 mol L-1 HCI04,0.5 

mol L -1 formate ion and Cu(II) ions 
(OQ); 80% Cu(HC02)/-. 

22.50.45 Tetraacetatocuprate(l) ion 

Ru(bpyh3+ + Cu(OAc)l- ~ 2.3 x 109 1.0 21 f.p.loq P.b.k. in deoxygenated soln. contg. 78F683 
RU(bpyh2+ + Cu(OAc)/- Ru(bpyh2+, 0.10 mol L-1 HCI04, 0.5 

mol L-1 acetate ioo and Cu(II) ioos 
(OQ); 90% Cu(OAc)/-. 

22.50.46 4, 7 ,13,16,21-Peotaoxa-l,10-diazabicyclo[8.8.5]tricosaneeuropium(11) ion 

RU(bpyh3+ + [Eu 2.2.1]2+ ~ 1.3 X 109 22 f.p.loq 
RU(bpyh2+ + [Eu 2.2.1]3+ 

P.b.k. at 454 om in soln. contg. 86E195 
Ru(bpYh2+, excess [Eu 2.2.1]3+ (OQ) 
and 1 mol L -I KCl. 

22.50.47 Iron(II) ion 

Ru(bpyh3+ + Fe2+ ~ RU(bpyh2+ + 1.2 X 106 0.3 22-23 photo Step-excitation method, Aexc = 488.8 79F488 
Fe3+ om; solo. contg. 7.6 x 10-6 mol L-1 

Rli(bpyh2+, 1.02 X 10-3 mol L-1 Fe3+ 

(OQ), 2.8 x 10-6 mol L -1 Fe2+ and 0.5 
'mol L-1 HCI04; at Aexc = 496.5 and 
514.5 nm, k = 9.3 X 105 and 1.5 x 106 

L mOri s-1, respectively. 

2.6x 106 :S1 0.1 18 f.p.loq P.b.k. at 452 om in solo. contg. 79A218 
72 x 105 05 Ru(bPYh2+, Fe3+ (OQ) and 01,0.5, 
6.4 x 105 1.0 1.0,2.5 and 5.0 mol L-1 HCI04, 

4.3 X 105 2.5 respectively. 
1.5 x 105 5.0 

1.6 x 106 ::.il 0.1 18 f.pJoq P.b.k. at 452 nm io solo. contg. 79A218 
1.2 x 106 0.5 Ru(bpyh2+, Fe3+ (OQ) and 0.1, 0.5 
9.8 X 105 1.0 and 1.0 mol L-1 CF3S03H, 

respectively. 

1.2 x 106 0 1.0 25 f.p.loq P.b.k. io soln. contg. 3.0 x 10-6 mol 777164 
1.4 x 106 -1 0.1 25 L-1 Ru(bpyh2+, 3.0 X 10-6 mol L-1 

Ru(phenh2+, 1.0 or 0.076 mol L-1 

HCI04• 4.0 X 10-5 mol L-1 Fe3+ (OQ) 
and 3.0 x 10-:> mol L- t Fe2+; 

independent of temperature 5-50 °c. 
8.5 x 105 0 1.9 24 f.p.loq O.k. at 480 om in soln. contg. 

Ru(bpyh2+, Fe3+ (OQ) and 1 mnl T .-1 
771093 

HCI04· 

1.0 X 106 0 f.p./oq P.b.k. at 450 nm io solo. contg. 747159 
Ru(bpyh2+, Fe3+ (OQ) and 1.0 mol 
L-1 HCI04' 

22.50.48 Iron(lI) acetate 

Ru(bpyh3+ + Fe(OAc)n2-n+ ~ 3.4 x 108 5.0 f.p.loq P.b.k. at 452 nm in deaerated soln. 81N178 
Ru(bpy)/+ + Fe(OAc)n3-n+ contg. 5 x 10-5 mol L-1 Ru(bpyh2+, 

4 x 10-4 mol L-1 Fe3+ (OQ) and 0.1 
mol L-1 acetate ion. 

J. Phvs. ChAm RAf n~+~ \/,,1 ')JI U., ., 1"''''~ 
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TABLE 22. Rate constants for ruthenium transients - Continued 

~ 

k (L mor1.s-1) No, Reaction pH I t(°C) Method Comment Ref. 

2250 'fiis(2,2'-hipyridine)mthenium(llI) ion - Continued 

22.50.49 Tetrachloroferrate(ll) ion 

Ru(bpyh3+ + FeCIl- -+ Ru(bPYh2
+ 4.1 X 106 1 0.1 18 f.pJoq P.b.k. at 452 om in soln. contg. 79A218 

+ FeCI4- 4.7 x 106 0.3 0.5 Ru(bpyh2+, Fe3+ (OQ) (primarily 
5.3 x 106 0 1.0 FeCI4) and 0.1, 0.5 and 1.0 mol L-1 

HCI, respectively. 

22.50.50 Triphosphatoferrate(ll) ion 

Ru(bpYh3+ + Fe(P04h 7--+ 1.9 X 107 <1.2 18 f.pJoq P.b.k. at 452 nm in soln. contg. 79A218 

Ru(bPYh2+ + Fe(P04h6- 1.5 X 107 RU(bPY)32+, Fe3+ (OQ) (various 
species including Fe(P04h 6-) and 0.5 
and 5.0 mol L -J H3P04, respectively. 

22.50.51 Iron(ll) sulfate 

Ru(bPYh3+ + FeS04 -+ RU(bPYh2+ + 1.3 X 107 -2 f.pJoq P.b.k. at 455 nm in soln. contg. 2 x 89E329 

FeSO/ 8 x 106 -0.8 10-5 mol L-1 RU(bPYh2+, Fe(Ill) 
(OQ). (0-7) x 10-4 mol L-1 Fe(I1) and 
7 x 10-3 orO.16 mol L-1 H2SO4. 
respectively. 

4.0 x 106 0.3 1.0 f.pJoq Soln. contg. Ru(bPYh2+, Fe(III) (OQ) 
and 0.5 mol L -1 H2SO4, 

82F048 

4.8 X 106 0.3 20 f.pJoq CaIcd. from current-time curve; soln. 80E224 
contg. 0.5 mol L-1 H2S04, 3 X 10-4 
mol L-1 RU(bPYh2+ and [Fe2+] = 
[Fe3+] (OQ). 

5.1 x 106 -0.8 18 f.pJoq P.b.k. at 452 nm in soln. contg. 79A218 
5.2 x 106 0.3 Ru(bpy)/+, Fe3+ (OQ) (FeS04 + and 
4.0 x 106 <0 ,J<e(S04)2) and 0.17, 0.5 or 2.5 mol 

L-1 H2S04• respectively. 

5.2x 106 0.3 25 f.p./oq P.b.k. in soln. contg. RU(bPYh2+, 
Fe(III) (OQ) and 0.5 mol L -1 H2SO4; 
k -- 4.9 X 106 L morl IS-I ut::td. by lS.f. 

766404 

22.50.52 Tris(l,lO-phenanthroline)iron(ll) ion 

Ru(bPYh3+ + Fe(phenh2+ -+ 1.8 x 109 0 1.0 25 f.pJoq P.b.k. at 450 nm in soln. contg. 3.0 x 777164 
Ru(bPYh2+ + Fe(phenh3+ 1.3 x 109 -1 0.1 10-6 mol T .-1 Rn(bpYh2+, 2.5 x 10-6 

mol L -1 Fe(phen)32+, 1.0 or 0.076 
mol L-1 HCI04, 4.0 x 10-3 mol L-1 

Fe3+ (OQ) and 3.0 x 10-5 mol L-1 

Fe2+. 

22.50.53 Ferrocyanide ion 

Ru(bpYh 3+ + Fe(CN)64- -+ 9.8 X 109 6.8 0.1 23 f.pJoq P.b.k. at 450 nm in soln. contg. 4.2 x 82AI30 
Ru(bPYh2

+ + Fe(CN)63- 10-1 RU(bPY)32+, 0.01 mol L-1 MV2+ 
(OQ) and 2.0 x 10-4 mol L-1 

Fe(CN)l· 

22.50.54 Mercury(l) ion 

Ru(bpyh3+ T Hg+ -+ Ru(1JPY)3'''' T 2.9.x.109 -1 1.0 21 f.pJoq P.b.k. at 436 nm in deaerated soln. 84A148 
Hg2+ . contg. 3.6 x 10-6 mol L -1 Ru(bPYh2+, 

1 X 10-2 mol L-1 Hg(N03h (OQ) , 
0.11 mol L-1 HN03 and 0.09 mol 1:1 

NaN03; assumed k(Hg'" + Hg"') = 8 x 
109 Lmol-1 s-l. 

22.50.55 Mercury(I) dimer ion 

Rll(hPYh3+ +- HS22+ -+ Ru(bPyh2+ + 4.S -1 1.0 21 f.p./oq P.h.k. at 1\36 run in deaero.ted soln. 81\ A 11\ 8 
Hg2++Hg+ contg. 3.6 x 10-6 mol 1:1 Ru(bPYh2

+, 

1 x 10-2 mol L -J Hg(N03J2 (OQ) , 
0.11 mol L-1 HN03 and 0.09 mol L-1 

NaN°3" 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction k (L-mol-1 s-l) pH t(°C) Method Comment Ref. 

22.5iO 'Ii.-is(212' -bipyridin~)rl1theninm(ITI) inn (:onf;nllp.O 

22.50.56 Dichloromercurate(l) ion 

Ru(bpyh3+ + HgC12- ~ RU(bpyh2+ >2 X 1010 1.0 f.p.loq Soln. contg. Ru(bpyh2+ and HgC12 84A077 
+ HgC12 (OQ). 

22.50.57 Superoxide radical anion 

Ru(bpyh3+ + O2.- ~ RU(bpyh2+ + * 8.0x 109 0.2 23 f.p.loq P.b.k. at 450 nm in O2 satd. soIn. 88A105 
O2 contg. 5.5 x 10-5 mol L-1 Ru(bpyh2+ 

and (5-50) x 10-3 mol L-1 MV2+ 
(OQ)inD2O. 

* 1.4 x 1010 >7 0.1 23 f.p.loq P.b.k. at 452 nm in soln. contg. 5 x 
10-5 mol L -1 Ru(bpyh2+, -0.01 mol 
L-1 MV2+ (OQ) and (0.7-10) x 10-4 

85F449 

mol L -1°2, Calcd. from pH study; 
unreactive with H02. 

* 3.5 X 1010 24 f.p.loq P.b.k. at 450 in air-satd. soln. contg. 85A064 
Ru(bpy)l+ and BSV (OQ). 

* Unexplained discrepancy in these 
data. 

22.50.58 Tris(2,2' .bipyridine)rhodium(l1) ion 

Ru(bpyh3+ + Rh(bpyh2+ ~ 1.3 X 109 5 0.056 20 f.p.loq D.k. at 670 nrn and p.b.k. at 450 run 87A460 
RU(bpyh2+ + Rh(bpYh3+ in soln. contg. Ru(bpYh 2+ and 

Rh(bpy>:,3+ (OQ) in 0.04 mol 1.-1 

acetate buffer. 

3 x 109 0.3 25 f.p.loq P.b.k. at 450 run in soln. contg. 5 x 81NOO3 
10-5 mol L -1 RU(bpyh2+, 4.0 X 10-3 79A317 
mol L-1 Rh(bpYh3+ (OQ) and 0.5 
mol L-1 H2SO4, 

22.50.59 Hexaammineruthenium(lI) ion 

Ru(bPYh3+ + Ru(NH3)l+ ~ 3.7 X 109 0.3 f.p.loq P.b.k. at 450 nm in soln. contg. 747159 
RU(bpyh2+ + Ru(NH3)63+ Ru(bpyh2+, Ru(NH3)63+ (OQ) and 

1.0 mol L-1 CF3C02H. 

22.50.60 Ammine(2,2' -bipyridine)(2,2' :6',2" .terpyridine)ruthenium(lI) ion 

Ru(bpyh3+ + Ru(terpy)(bpy)(NH3)z+ 2.7 x lOY 0 f.p./oq P.b.k. at 450 nm and d.k. at 480 nm in 84A302 
~ Ru(bpyh2+ + soln. contg. 5.64 x 10-6 mol L-1 

Ru(terpy )(bpy )(NH3)3+ Ru(bpYh2+, 3.48 X 10-6 mol L-1 

Ru(terpY)(bpy)NH3
2+, 4.2 x 10-3 mol 

L-1 Fe3+ (OQ), 5.25 x 10-5 mol L-1 

Fe2+ and 1.0 mol L -1 HCI04; average 
of two values. 

22.50.61 Thiocyanate ion 

Ru(bpyh3+ +2 SCW ~ Ru(bpyh2+ 2x 105 7.0 25 p.r. D.k. at 500 nm in N20-satd. soln. 90COO5 
+ (SCNh·- contg. 0.01 mol L -1 KSCN, 4.5 x 

10-5 mol L-1 Ru(bpyh2+ and 5 x 
10-3 mol L-1 phospho.te ion; kr= 7 x 
lOlO L morl s-l. 

22.50.62 Sulfite ion 

Ru(bpyh3+ + sol- ~ 2x 109 f.p.loq Soln. contg. Ru(bpyh2+ and 
Co(NH3)SX2+ (X = Br, CI, I) (OQ). 

79Z056 

22.50.63 Thallium(lI) ion 

Ru(bpyh3+ + T12+ ~ Ru(bpyh2+ + 2.9 X 1010 <0 3.0 f.p.loq P.b.k. at 452 nrn in soln. contg. 82Alll 
Tl3+ Ru(bpyh2+, 3.0 mol L-1 HCI and 

Tl(N03h (OQ); CI- complexes of TI 
are present. 
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TABLE22~ Rate cOQStantsf()f rut!tenjumtran~ients- Continued 

,:"',.. . '. 

'22.50064" l,4-Benzenediol 
~ . -- . . 

'. Ru(bpYh~ + Q~h~ Ru(bpY)l~ +; 
"(Y:+ ~H'" . . . . . 

2.1x 109 6.9 ·0.04 

&2;50.65' 1,1'-Bis(c8rboXymethyl)~,4'-bipyridinium radical cation 

Ru(bpYh3++[CMVr+.~R.u(bpy):?+ 6.5 x 109 -0.0003 
•. :+cMv2+'.. . 

~2.1:S0.66. 1,1 '-lJis(2~hydroXyethyI)-4,4' -bipyridiniuin radical cation 

:R~~P~)~3++J~P~~~::+.RU(bPY)/+ + 1.2 x 10
9 

5 
Bp2+ 

. . .. 

. 2~~.67 .• l,f ~Bis(4~sulfonatObenzyl)-4;4';bipyrittinium zWitterion, radical.aniC)~ 
cilU(bPYh~~ +JBS~J.~ -+K~~l>PYh21 2.1)( 1010 '. r+:p"'" ...... ..... ... . 

22.s0.;~8 .' .'1.1' -Bis(2-sulfonatoethyl)-4,4'-bipyridinium radical anion 

;)tri(bpYh3++ [~EV]·~-+Ru(bP}'h~+ 5.8 x 109 6.5 0.066 
\~SEV .. - " .- .... 

22.50~69 .. ··1,1'-Bis(3-sulfonat9propy1)4,.1!-bipyridinium radical' amon . 

Ru(bPYh3+ -+: [SPV]·--+ RU(bPYh2+ * 1.4 X 1010 6.2 
"+SPV' . * ··4.0~x.109. 8.2 

3.5x 109 7 0.4 

t(cOC) 'Method Comment 

20 

f.pJoq P.b.k. at 470 runcin soln. contg.:2·x 
10-5 mol L-1 Ru(bPYh2+, 10-2 !pot 
L-1 MV2+ (OQ) and (2;5-20)·x 10-4 
mol L.,-l QH2-

f.pJoq SoIn. contg. Ru(bpYh2+andCMV2+ 
. {OQ). 

f.pJoq Soln. contg. Ru(bpy)l+ and N,N;. 
bis(2~hydroxyetbyl)-4~4' -
bipyridinium (OQ). 

f.pivq P.U.k.. <I.t.450 IUD and d.k.at 590nmin 

soln .. contg. RU{bPY)32+aIidBSV " 
(OQ). 

f.pJoq O.k. at 600 nm. insobl,contg; . 
RU(bPYh2+ and.SEV (pQ) .. 

f.pJoq .·O.k. at602 nmin soIn; cootg; 
Ru(bpy)l+ and SPV(OQ); 

* Th~ large pH effect is not . 
explained. 

.pJoq Solo. contg. 'Ru(bpyh2+ and Spy 
(OQ). 

1227 

81A042 

82N022 

82C019 

.82N118 

86N260 

91A143 

85F435 

f,pJoq O.k. at 603 run iIi soln.contg. 2;0 x 85F007 
10-5 mol L -1 RU(bpyh2+ and 5 x·.·· 
10-4 mol L-:-l SPY (OQ). 

-0.0003 

7.9 x 109 

22.50.70 1,1' -Bis(3-sulfonatopropyl): .. 3,3' -dimethyl-4,4' -bipyridinium radicill anion 

f.pJoq Soln. contg. Ru(bpy)j2+ and.SPV 
.(OQ). 

f.pJoq Soln. contg; Ru(bpy);.l+ and SPV 
(OQ). 

82N022 

81 N054 

kRU(bPY)3:tT +[3,.MSPYr~.-+ 3.8x'109 
;~Ru(bpY>3~~ +3l':MSPV 

.I 
t;pJoq Soln. cootg; Ru(bpy)J2+and 3':MPVS· 9ONI40 

(OQ). 

22.so.71 l~l'; -Bisr3~(trimetIlYlammonio)proPYI]-4,4' -bipyridinium radical cation 

. RU(bpyh3++ [APvr3+ -+1.2x 109 6.5 0.066 20 f;pJoq 
~~u(bpYh2++APy4+ 

D.kat 600 nminsoln.contg: 

22.50.72 Cysteine 

Ru(bpYh~ + CysSH -+ RU(bpyh2+ + 
CysS· +W 

3.7 X 106 

22.50.73 1,1'-Dibe~I-4,4'~bipyridiinum radical cation 

;t,{u(bPYh3+ + BV·+-+ RU(bpyh2+ + 2A X 109 

BV2+ ....... . '. -

2.3 X 109 

5 

5 

Ru(bpYh 2+ and APy4+:(OQ). 

f.pJoq P.b.k. at 452 nmiit soln.contg.4 x 
10-5 molL-1 Ru(bpY)l+~ cysteine 
and 0.01 mol L -1 MV + (OQ). . 

22 f.p. O.k. at -600 run in soIn. contg. 
.Ru(bpyh2+ and BV2+ (OQ). 

f.pJoq Soln. contg. RU(bpyh2+ and BV2+ 
(eQ). 

86N26O 

78A351 

82S257 

82C019 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH t(°C) Method Comment Ref. 

22.50 Tris(2,2'-bipyridine)ruthenium(III) ion - Continued 

22.50.74 1,1' -Dimethyl-4,4' -bipyridinium radical cation 

Ru(bpyh3+ + MV'+ -. RU(bpyh2+ + 2.5 X 109 -.0 Deduced from the analysis of data 
MV2+ reported in [91AI43], [91NI25], 

[90A389], [89E329], [88A025], 
[85F435], [81A042], [81N003), 
[78A351]; k depends on I, see 
Appendix, Table A 1 and Fig. 1. 

22.50.75 Ethylenediaminetetraacetate ions 

Ru(bpyh3+ + EDTA -. RU(bpyh2+ + 1.2 X 106 4.7 1.0 f.pJoq P.b.k. at 450 nm in soln. contg. 89A065 
[EDTAoxl" 4.6 x 107 8.7 0.6 Ru(bpyh2+ and MV2+ (OQ). Studied 

5.0x 107 11.0 1.0 at various concentrations and ionic 
strength; extrapolation to 1= 0 at pH 
4.7 indicates k>4 x 108 L mol-1 s-l. 

22.50.76 1,1',2,2' ,6,6' -Hexamethyl-4,4' -bipyridinium radical cation 

Ru(bpYh3+ + [HMVr+ -. RU(bpyh2+ 2.9 X 109 5 22 f.pJoq Soln. contg. 6.0 X 10-5 mol L-1 82F316 
+HMV2+ Ru(bpyh2+ and 1.6 x 10-3 mol L-1 82S257 

HMV2+(OQ). 

22.50.77 I-Methyl-4,4' -bipyridinyl 

Ru(bpyh3+ + [1-Me-4,4'-bpyr -. -109 5.6 25 f.pJoq O.k. at 600 nm in soln. contg. 78E293 
Ru(bpyh2+ + I-Me-4,4'-bpy+ Ru(bpY)32+ and I-methyl-4,4'-

bipyridinium (OQ). 

22.50.78 I-Methyl-I' -tetradecyl-4,4' -bipyridinium radical cation 

RU(bpyh3+ + [CI4MVr+-. 4x 109 0.0014 f.p/oq O.k. at 602 nm in soln. contg. 80N025 
Ru(bpYh 2+ + C14MV2+ Ru(bpyh2+ and 5 X 10-4 mol L-1 81N002 

CI4MVz+ (OQ); addn. of lO-z mol 
L-1 NaCl increases k by 30%. 

22.50.79 Oxalate ion 

Ru(bpyh3
-t- + -02CC02--' 1.0 x lOs 0.30-1.0 23 f.pJoq P.b.k. at 45U nm In soln. contg. 90A389 

Ru(bpyh2+ + -02CC02' 3 X 104 2.1-3.0 Ru(bpy)l+, (1.0-10) X 10-3 mol r;-l 

MV2+ (OQ) and 0.10 mol L-1 oxalate 
ion. 

22.50.80 1,1'-Tetramethylene-2,2'-bipyridinium radical cation 

Ru(bpyh3+ + [BP],+ -. Ru(bpyh2+ + 1.5 X 109 5 f.p.loq Soln. contg. Ru(bpyh2+ and Bp2+ 82C019 
Bp2+ (OQ). 

22.50.81 1,1' ,2,2'· Tetramethyl-4,4' -bipyridinium radical cation 

Ru(bpyh3+ + [TMV]"+ -. Ru(bpYh 2+ 2.6 x 109 5 22 f.p.loq D.k. at 605 nm in soln. contg. 6.0 x 82F316 
+TMV2+ 10-5 mol L -I Ru(bpyh 2+ and 1.6 x 82S257 

10-3 mol L -1 TMV2+ (OQ). 

22.50.82 1,1!·Trimethylene-2,2'-bipyridinium radical cation 

Ru(bpyh3+ + [TQr+ -. Ru(bpyh2+ + 2.8 X 109 5 f.p.loq Soln. contg. RU(bpyh2+ and TQ2+ 82C019 
TQ2+ (OQ). 

22.50.83 Triethanolamine 

Ru(bpYh3+ + TEOA -. Ru(bpyh2+ + 2x 107 8.1 0.5 25 f.p.loq P.h.k. in soln. contg. 5 X 10-5 mol 79A317 
[TEOA],+ L-1 RU(bpyh2+, 4.0 X 10-3 mol L-1 

Rh(bpy)l'- (OQ) and 0.01 mol L-1 

TEOA/TEOAW (pKa = 8.1). 

4.7 X 107 9 f.p.loq P.h.k. at 452 nm in soln. contg. 4 x 78A351 
10-5 mol L-1 RU(bpyh2+, 0.05-0.125 
mol L-1 TEOAand 0.01 mol L-1 

MV2+ (OQ); at pH 5 and 7, kObf = 2.4 
X 105 and 6.5 x 106 L mol-1 s- , 
respectively, indicating that only the 
unprotonated amine is reactive. 
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TABLE 22. Rate constants for ruthenium transients· - Continued 

li;$.~' ·Tns(2,2'-b.pyridine)ruthe~um(Ill) ion - Continued 

:~.$.9~~ TrimetJlylhydroquinone 

:R¥~pYh3+ +2,3.5':(CH3hQH2 ~ 
·.:Ru~py.)?++2:H++'· ..' 
.' t~,3,5"(CH3hQJ·- . 

3.3 X 109 ~.9 n.04 

azist"Tns( 4,4' -diDtetbyl~i,2' -bipYridille )rutbenium(Ill) ion 

: '2.~.si~rcop~rOO·ion 
"}{1l(4,4'-Me~bpYh3++ eu+ ~. 
~u(4;4~~Me2bp~h2+·+·Cu2+ 

2loS1:.2Iron(ll) SUlfate 

j{u(4,4'-Me2bpyh3
: + ~S04~' '. 

: Ru(4A'':Mei bpyh2,,: + FeS04 + 

22.5t.3 Dichloromercurate(l) ion 

'Ru(4,4'-MeibpYh3++HgCI2- ~ 
Ru(4,41':Meibpyh2+ +HgC1i 

,.: ."' ". 

0.3 

0.3 

>2xlol0 

2~;S2 . Trls(5,5; -dimethyl-2,2' -bipyridine)ruthenium(III) ion 

'·22~2.f >Iron(D)shIfa~e 
>'Ru(5,5~ -Me;bI'Yh3+-I-FiSo~ ~ 

Ru(SS -Me2bp~)l+ +FeSO/ '. 
0.3 

LO 

2iSi.Ammlne(2,2' -bipyridine )(2,2' :6' ,2" -terpyridine )ruthenium(III) ion 
.;)}2~il>·. hon(ll) ion .' 

Ru(terpY)(bPY)(NH3)3+ +Fe2~ ~ 
Ru(terpY)(bPY)(NH3)2+ ... Fe3+ 

o 

·-.2254 ,·Trls(4.;triethylphosphonio.;2,2;-bipyridine)ruthenium(III) ion 

'. ~22~~U . Tris(2,2i~bip!~ictiite )cobSlt(Il) iOJl 

"Ru[4-(Et'!P)bpy]~ 6++ Co(bPYh2+ -+> 2.2 X 108 

R~[4-(Et3P)bpy];5+ + Co(bpyh3+ 
1.0 

22.54.2 Iron(ll) sulfate 

Ru[4-(Et3P)bpyh 6++ FeS04f~ 1.9 x 108 

RU[4-(Et3P)bPYhS+ + FeS04 + 
0.3 

t(°C)' Method Comment 

f.pioq 

25 f.p./oq 

20 f.pioq 

f.pJoq 

P.b,k,at 470 iun(Ru(bPYh2+) ins~ln. 81A042 
contg. 2 x .l(tS mol L.,,1 Ru(bpyh2+; . 
10-;2 mol L-1 MV2+(OQ)and (2.5-
20) 10-4 mol L-1 

trimethylhy<iroquinone. 

P;b.k. at-450 milin soln~contg; 10-:-5 ··.78A090 
mol L-IRu(4,4I-Me2bpYhz+. 0.01-: 
0.06 inolL~1 Cu2+ (OQ) andO;S mol' 
L -1 sulfuric acid. 

CaIcd. from current-time curve; soln. ' 80E224 
l' . .-4 

contg. 0.5 mol L: H2S04,3xl0 " 
molL -1 Ru(bPYh2+and (Fe2~= 
[Fe3'l (OQ). . 

Soln. contg.Ru(bPy)32+ and HgCl2 84A077 
(QQ). 

20 f.pJoq CaIcd. from current-time curve;soln. 80E224 
contg .. 0.5 molL -1 H2S04, 3 X 10-4 
mol L-1 Ru(bPYh2+ and [Fe2+:! = 
[Fe3+] (OQ). '. 

f.pJoq P.b.k. at 450 and 480 om in soln. 84A302 
contg. 5.64 x 10-6 mol L-1 

Ru(bpYh2+, 3048 X 10-6 mol V-I 
Ru(terpy)(bpy)NHl+, 4.2 x 10-3 mol 
L -1 Fe3+(OQ), 5.25 x 10'75 mol V-I 
Fe2+ aild 1.0 molL-1 HCI04; same 
value obtained. by s.f. 

f.p. Soln. contg. Ru([4-(EhP)bpYh5+ and 82F048 
Co(bPYh3+ COQ) .. 

f.p.loq Soln. contg. Ru([4-(Et3P)bpYh5+'and 82F048 
FeS04 + (OQ) in 0.5 mol L-1 H2S04, 
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.··l'~LE 22. ~ cOnstan~ forrutheniumtransients"';;:' -Continued 

teCr Method. Comment Ref;' 

22.55 Tris(l,lO-pbenanthroline)rothenium(III) ion 

22.55.1. 1iis(2,2'-bipyridine)cobalt(ll) ion 

, Ru(phen)j3+ +'Co(bpy)j2F~ . 
RU(Pltenh2+ +Co(b~Yh3+ .. 

0.25 f.pJoq P.b.k. at 4~0-450 nmin S~in.ico~tg.) . 85S022 
x 10-:4 mol L:l Ru(pllenh~\O.25 .. 
m9IL -~LiCl and(:2~) -xc 10.,.4 mol 

ll.55.l l,3,9,IO-Tetrametbyl-I;4,8;U:.tetraazacycIOtetradecanecobalt(II) ion 

Ru(phen);3++ C()<M~~tl4]aneN4)2+' 9.7 x 105 OJ 
~ Ru(phenh 2++ .. ' 
c;0(Me .. r1 41aneN4)3+ 

f.pJoq 

22.553 .. 1,3,6,s,10,13~16,19·0ctaazabicyclo[6.6.6]eicOsanecobalt(ll)ion 

Ru(phenh3+ +Co(sep)2+ 4 6.4x 108 0.2 
Ru(phenh2+:" Co(sep)3+. 

25 f.pJoq 

22.55.4 1,8;'Diamino.3,6,10,13,16,19.hexaazabicyclo[6.6.6]eicosanecobalt(II) ion, conjugate diacid 

L-.1 Co(bPYh3;+"~(0Q);k?=:~~5xl08 in 
presence;of046.~ mol-~ __ lNa2S04 
_~d 4.8 X 107L'UlO1;1"~::~in50% 
aqueousacetomtrile" c()ntg. 0.25 mol 
L-lLiCl. _.'- .-

P.blC. inS()in;c~~t~;,~ti(pheitjj~+-M4 99A221 
CO(NH3)5B~+(0Q); . . . 

P.b.k. at450Dniill solo.C9ntg;:(2'-S) 84:A238 
x 10-5 molL-l Ri.t(phe.n»)2+ and (1;.7) 
x 10-3 mol L~lCo(sep)3-t'(OQ).. . 

Ru(phenh3+:+ CO(dimnsarH2)4+ --+ 7.9 x 106 0.2 25 f.pJoq P;b.k.at450~IIdn,solo.contg~(2~5) cWA238 
Ru(pheIih2+ + CO(dimrlsarH2)s+' xlO:snwI'L-l~1:i(phen)32+. (l~7) X' 

'10"",3 molL~lcCo(diamsar)3+ (OQ) 

22.55.5· 1,8.Diamino.3,6,10,13,16,19.hexaazabicyclo[6.6.6]eicosanecobalt(ll) . ion 

Ru(phenh3+ + Co(diamsar)2+ ~ 9.6 X 107 8.3 0;2 
. ~u(pheIihf++ CO(diamsar)3+ 

22.55.6 Copper(l) ion 

Ru(phenh3+ + Cu+ .~ Ru(phenh 2+ + 
Cu2+ '. 

2Z~S.7. Iron(II) ion 

Ru(phenh 3~ + Fe2+ ~ Ru(phenh 2+ + . 
Fe3+ 

22.55.8 . Mercury(l) ion 

Ru(phenh3+ + Hg+ ~ Ru(phenh2+ + 
Hg2+ . 

22.55.9 Mercury(l) dimer ion 

Ru(phenh 3+ + Hgl+ ~ Ru(phenh 2+ 
+ Hg2++Hg+ 

10 

0.3 

o 1.0 
1.1 0.1 

acid 

acid 

25 

25 

25 
25 

and O~ 1 mol ~"'\H:C:~. . 

f;pJoq P.ble at450,nminsohl' coo~~~(~-5) 
x 1O-Smoq.r~:R:ti<phenh~\(l~7) x' 
10~3 moIL-,LCo(diams8r)34 (oQ), 
0.1 mol L-1 LiCI alidO.05 mol L-1 

N-ethylmorpholine; 

f.pJoq P.b;k. at450 nmio soin. cpntg.,lO-s 
mol L-1 Ru<PheD:h2+,0.61~O.06mol 
L-1 Cu2+(OQ)alldO.5mo~:L-l· .• -
sulfuric acid; 

f.pJoq P.b.k. in solo. contg.3.0 x 1O..,() mol 
L-1 Ri.t(bPYh2+, 3 .. 0 xlO-{imolL-1 

Ru(ph~nh2+,.L0 or 0.076'molL-1 

HCI04. respectivelY, 4.0 X 10-5 mol 
L ":I"Fe~+(0Q)~d3.0 xlO-~molL -1 

Fe2+; Jorl'7 0.1; k isindependellt,of 
tein{lel"lltl.ireirithe rangej5.;5(j°C; 

f.pJoq P.b.k. at 436 run indeaerateti -solo. 
contg. Ru(phenh2+~ ex.tes~~· -
Hg(N03h (OQ), HN03 and NaN03; 
assumed k(Hg+ +Hg~ == S;x 109 L 
mol"",l S-l. 

f.pJoq P.b.lc at436nm inde8eratedsoln. 
contg. Ru(phenh2+,~x~ . 
Hg(N03h (OQ), HN03and NaN°3' 

84A238 

78A090 

777164 

84A148 

84A148 
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TABLE 22~ Rateconstarits ·forruthemumtrirllsie1ltS ~·Continued 

ii ......•............. No; . '.' /Reamon 
~~ .. ':',: 

·~2$s·· . Tris(l,lO-phenanthroline)tuthenium(Ill} ion ~ Continued 

~Z2.sS~lOTris(Z,2'-bipyridine)ruthemUDi(D)ion' 
";~u(pbenh3++:Ru(bPy)l~:-+ 
"R:'u(phen)j2+ ~ Rt1(bp}');~+ 

1.2 x 109 

:t2xl08 
o 1.0 
1.1 0.1 

teer Method Comment 

25f.p.loq 
15 

P.h.k. insoln; contg~3.0 x lO~mol 777164 
L-1 Rll(bpyh2+, 3.0x10-6 molL~l . 
Ru(phen)l+'J.Oor 0.076 InolL"-1 
HCI04,respectively, 4.0 X 10-5 mol 
L -1 Fe3+ (OQ) and 3.0 x 10-5 molL":""1 
Fe2+; M*~ 32kJ rnoI-1, AS:/:= ~28 J 
K-1 mol-1 ,~G:j:?24kJ ~ol-~forl= 
1; measured over 5~50°C, 

22:.55,;11 '1,1' -Bis(3-sulfonatopropyI)-3,3' -dinlethyl-4,4'-bipyridioiUDi radical anion 

~u(pbelih3++[3~MSPV]·- -+ 2.1 xlO'J 
. Rti(phenh 2+ + 3-MSPV 

·2~$fi<.·~1ris(S-bromo-l,1f)-pbenanthroline)ruthemum(1D) ion 

!22~6~1 .. Copper(l) ion' 
~u(5':Btphenh 3+ + Cu+ -+' 
Ru(5-Btphenh 2+ +Cu2+ 

• "~'$~~' • Dichloromercurate(l) ion 

~u(S-Brphen>33++HgCI2"- -+ 
. Ru(5~Btphenh2++ HgC12' 

0.3 

1.0 

. 22.57- Tris(S-cbloro-l,lO-phenanthroline)ruthenium(Ill) iOb 

·i2.57~1>.I,3;6,s,10;13;16,19;;OctaazabicycIo[6.6.6]eicosanecobalt(D) io~ 

.R~(S-Clphenh3++ Co(sep)2+-+ 8:2 x 108 0.2 
'Ru(S"Ophen)32+ + Co(sep)3+ 

t237~- 1,8~Diamino-3,6,lO,13;16,19-hexaazabicyclo[6.6.6]eicosanecobalt(II) ·ion 

'~U(5~Clphen)l"+ CO(di~)2+ -+ 1.7x 108 8.1 0.2 
Ru(5,Clphenh2+ + Co(diarnsar)3+ 

~~o5)73C~pper(l)-ion '. 

Ru(5-Clphenh3+ + Cu+ ~ 
~u(5~Clphenh 2+ +Cu2+ 

. 22~7.4 . IrOn(D)sulfate 

Ru(5-Clphen)33+ + FeS04 -+ 
'R~(5-Clphcn)32++I'cS04 + 

2ZS7.s Mercury(l)ion 

Ru(S-Clphenh3+ + Hg+ -+ 
Ru(5-Clphenh 2+ + Hg2+ 

J,2.57.6· Mercury(l) dimer ion 

Ru(S-Clphen)33++H~ 2+-+ 
Ru(5-Clpllen)i+ +H.g~++ Hg+ 

0;3 

0.3 

3.5 X 109 acid 

79 acid 

tpJoq Soln. contg. Ru(phenh 2+ and 3-
MPVS(OQ). 

90NI40 

25 f.p.loq P.b.k. at 450 om in som. contg .• 10-::5 78A090 
molL-1 Ru(S-Brphenh2+; O~OI~O.06, 
mol L-:-1 Cuz"t' (OQ) arid OOSmol L-1 

25 

25 

25 

25 

sulfuric' acid . 

[pJoq Soln. contg. ':Ru(5-Btphen)l+ and 
HgCl2 (OQ) . 

f.pJoq P.b.k. at 4S0 nm in soln. contg. (2-S) 
xlO-5 molL-1 Ru(5-Clphenh2+and 
(1~7) x 1O-3 molL-:-1 Co(sep)3+ (OQ). 

f.pJoq P.b.k. at 450 nm in soln. contg.O.2 
mol L -1 LiCl. 0.05 mol L-1N_ . 
ethylmorphoJine; (2-5) x 10-:-5 mol 
L-1 Ru(5-Clphenh2+and (l~7) x 10-3 . 

mol L -I Co(diarnsar)3+ (OQ). 

f.pJoq P.b.k~ at 450 nmin Soln. contg~1O-5 
mol L-1 Ru(5-Clphen)l+,0.01-0.06· 
mol L-1 Cu2+ (OQ) and O.S molL-1 

sulfuric acid; 

f.p./oq P.b.k. in soln. contg~ Ru(5-
ClpheIih2 .... Fe(m) (OQ) and 0.:5 mol 
L -1 H2S04; k = L8x 107 L mol-1 5-1 

detd. by s.f. 

f.pJoq P.b.k. at 436 nrn in deaerated soln. 
contg. Ru(5~Clphenh2t; excess 
Hg(N03h (OQ); HN03 and NaN03; 
assumed k(Hg+ + Hg+).., 8 x 109 L 
rnol-1 s-l 

f.p./oq P.b.k. at 436 nrn in deaeratedsoln. 
contg. Ru(S-Clplienh2+, excess 
Hg(N03h {OQ), HN03 and NaN03. 

84A077 

84A238 

84A238 

78A090 

766404 

84A148 

84AI48 
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TABLE 22. Rate constants for ruthenium transients - Continued 

No. Reaction pH I t(°C) Method Comment Ref. 
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TABLE'22.Rate constantsJorrU~nium'~sients ,.....,. .. Continued 

.,#i::i;::===::::=i:= 
~N~: ':;Reactiou Ref. tee), Method Comment 

1;~~~~9.·· . ''lHs(4p7 -dimetbyl~1~10·pbenanthroHne)ruthemum(IIIH9n' ';.-;" Contint1ed 

;·~liS9.8 Mercury(l} dimer ion 

"",;ju( 4;7 -Me2J'hen)3~~ +Hgt+-+ 
-Ru(4.7,-Me2Phen):?++Hg++a:g+ 

22S9~9 . Triethanolamine 

RU(4.7-Mc2Phenh3+.+TEOA ~ 
:RQ(4.7:7Meu>henh 2+ +[TEQAr~ 

'. 0.20 acid 

5.2 X 106 

;:'22;(jO: '··'rllis(5-methYl.~,lO~phenanthroliile)mthenium(Ill).·i(t11 
~2264)~1'" C()p~r(I}i~, 

Ru(S.,Mepheri)33+ +.Cu+-+, 
.:}~1:1(5-M,ephenh2++Cu2+ 

22~60.2: .Mer~(I) ion 

· Rn(S-Mephen)33++Hg+-+ 
Ru(5-Mephenh 2+~ Hg2+ 

. , "':.::,,> 

22.60.3 Mercury(I) cllmer ton 

Ru(S:7Mephenh3++ Hg 2+-+ 
~u(5-Mephenh2+ + Hg~+.+ Hg+ 

0.3 

acid 

5.7 acid 

22:61Tris(5.phenyl-l,lO~phenanthroline)ruthenium(ID) ion 

22.61a . Copper(IHt)Jl 

Ru(5,.Phphen)l" + Cu'" -+ 
Ru(5 .. Phphenh 2+.+ Cu2+ 

0.3 

0.25 

~.62 'Iris(3;4, 7,S-tetr8lnethyl';'1,lO-phenantbroline )rutbenium(Ill) ion 

22.62.1 Tris(2,2'~bipyridi~)Cc,baU(ll) ion. 

-Ru(3,4,7,8-Me4pher.)l+ + 
Co(bpY)l':~ 
Ru(3,4,7,8~Me4phenh2+ + 
Co(bpyh3+ 

22.62.2 Copper(I)' ion 

Ru(3,4,7,8-:Me4phen)?+ + Cl1+ -+ . 
Ru(3,4,7 ,8-Mc4phcn)s '2+ ... Cl(2'~ 

22.:62.3 . Dichloromercinilte(l) ion 

Ru(3,4,7 ,8~Me4phen)33++HgC12';'-+ 
Ru(3,4,7,8-Me4phenh2+ + HgC12 

2.0 x 107 0.25 

0.3 

1.0 

,:22.63 Bis(2,2' ~ bipyridine )[Z-(Z-thiazolyl]pyridine ]ruthenium(DI)ion 

. 22.63.1 Ethylenediaminetetraacetate ions 

Ru(bPY)2(Pyth)3+ + EDTA-+ 2 x 106 

Ru(bpy)z{py.:h)2+ + [EDTAvS 

. f.pJoq 

25 f.pJoq· 

25 f.pJoq 

f.pJoq 

f.pJoq, 

P.ble. at 436 run In deaerated· soIn. S4Al4S 
contg; Ru(4.7-MeiPhen)l\ excess 
Hg(N03h (OQ), HN03 and . NaN°3• 

P.b.k.at420450runin 50% aqueous 858022 
acetonitrile soin, contg. ·.l'x-lO-4mol 
L-1 Ru(4.7-Me2phenh1+, 0.25. mol ' 
L-l LiCl,2-6x 10-4 molL-l TEOA 
andJx 10-4 molL''-lCo(bpYh3+ 
(OQ).' . . 

P.h.k. at 450 DID in soln; contg. 10-5 78A090 
m()l L-1 Ru(5-Mephenh2+, 0.01':'0.06 
molL~l Cu2+ (OQ) and 0.5 mol L-1 

sulfuric acid. 

P.h.k. at 436 nn1 in deaerated soln. 
cont8~ Rl:.(S.:.Meph~ii)'32+, e~cess 

, Hg(N03h (OQ), HN03 and~NaN03 
assumed k(Hg+ -+- Hg'1 = 8 x 109 L 
mol-l 8-1. 

P.ble. at 436 run in deaerated soIn. 
cantg. 'Ru(5..;Mephen)32+, excess 
Hg(N03h (OQ);HN03and NaN°3· 

84:A148 

84A148 

25 f.pJoq. P.h.k. at 450 nm in soln. contg; 10-5 78A090 
mol L -1 Ru(5-Phphenh~+.0.01-0.06 , 
mol L-1 tu2+ (OQ) and 0.5 mol L-1 

f.pJoq 

25 f.pJoq 

,f.pJoq 

f.pJoq 

sulfuric acid. 

P.b.k. at 420-450 run in 50% aqueous 
acetonitrile soln. contg. 1 x 10-4 mol 
L-1 Ru(3A.7,8~Me4phen)l·, 0.25 
mol L-1 LiCl and 2-6 x 10-4 molL-1 

CO(bpy)l'" (OQ). 

P.b.k. at 450 run in soln. contg. 10-5 

mol L-1 Ru(3,4,7.8-Me4phenh:2 .... 
0.01~0:06 mol L -1 CU2+{OQ) and 0.5 
mol L -:1 sulfuric acid. 

Soln. contg. Ru(3,4,7,8-Me4phen)32+ 
and HgC12 (OQ); 

Soln. contg. Ru(bpYh(Pyth)2+ and 
MV2+(OQ). 

85S022 

78A09C 

84A077 

83N214 



1234 "UXTON;MUL.AZZANliANO.' ROSS' 

TABLE 22. ,Rate coIiStmtsfor rutheniumtraDsieiiiS ,',~Coritinued 

No. 'Reaction k (L ~or·l s~l.), pH teC)Method ,Commeiit 

22.63 Bis(2,2' -bipyridine) [2-(2-thiazolyl]pyridine ]ruthenium(llI)jon ":"':'ContiJiued 
, , 

22.63.2 1,1'-Dimethyl-4,4'-bipyridiniiDn radical cation 

Ru(bpYh(pyth)3++ MV~~ -+ 2.7 X 109 

Ru(bpYh(pyth)2+ +fvlV2+ 

22.64' 2,2'-Bipyridinebis[2-(2-thiazolyl)pyridine]ruthenium(llI) ion 

:Z2064;1' 1,1' -J)imetbyl-4,4' ~"ipyridinium radical, cation 

Ru(bpy)(pyth)l++MV°:i"-+ 2.7 X 109 

-Ru(bPy)(pyth)22+ + MV2+ 

22.65 ''Ilis[2-(2-thiazolyl)pyridine]ruthenium(llI)ion 

2l.65.1 1,1' -Dimethyl-4,4' -bipyridinium radical cation 

Ru(Pythh3+ + MV·+-+ Ru(pythh2+ *1.6 X 1010 
+MV21 

* 2.7 X 109 

llJ)5.2Etbylenediaminetetraacetate ions 

Ru(pythh 3+ + EDTA -+ Ru(pythh2+ 4.0 x 108 

+ [EDTAoxf 

22~66" Tris(2,2/-bithiazole)l'9the~um(llI) ion 
, , 

22.66.1' Ethylenediaminetetraacetateions 

Ru(bthh3+ +EDTA -+Ru(bthh2+ + 8.2 X 108 

[EJ?TAoxr 

5.0 

5.0 

5.0 

22.67 Tris[2-(1,2,4-thiadiazol-5-yl)pyridine]ruthenium(llI) ion 

'1.'1..67.1' Etbylenediaminetetraacetate ions 

Ru(pytdah 3+ + EDTA -+ 3.9 x 108 

Ru(pytdah 2++ [EDTAoxr 
5.0 

22.68 HexaamminerutheniUIi1(llI) ion, OH reaction product 

22.68.1 Hexaamminerutbenium(DI) lon, OHreactiuu prOduct 

f.pJoq Soln; contg. RU(bPYh(Pyth)2-1:and 
MV2+(OQ)." ", , , 

; 83N214 

f.pJoq SoIn. contg~ ,R.u(bpy)(pythh~+ and 83N214 

.f;pJoq 

MY2+(0Q).' " , 

D.k. at 602 mn in Ar;'satd. buffered 
soln.contg.~.O ;'J.9~s p1()1 L-l 
RU,(Pythh 2~mtd 5;OX ,I 0-7 m91L~1 

LMV2+ (OQ). ,:: "",,' ' 

• 87E949 

f.pJoq Soln~ contg. Ru(pytli>l+andMV2+ 83N214 
(OQ), 

* Unexplained discrepancy inUtese ' 
data. " 

f.pJoq P.b.k: in Ar-s8td. bufferedsoln. ~~ntg. 87E949 
2.0xlO-s mol L-1 Ru(pythh2+,5.0 x 

. 1O-2:niol L-1 MV2+ (OQ) and 5;0 x 

f.pJoq 

f.pJoq 

-10-2 mol L-"IEDTA. 

P.b;k.inAr.;satd; buffered soln. contg. 87E949 
'2.0x 10~S,molL-lRu(bthh~t, 5,0 x -
10-2 molL~l MV2+ (OQ).and 5.0 x 
10-2 mol L~l EDTA. ' " 

P.b.k. in Ar-satd. buffeted soln. contg; 87E949 
2;0 x 1O~5,molL-:-l Ru(pytdah2+, 5.0 
x 10-:2 mol L -J!\1V~+ (OQ)and 5.0 x 
1O-2 moIL;"'1 EDTA.;" 

[Ru(NH3)l+IOH] + 4.5 xl09 -3 X 10-3 20 p.r. D.k. at 400 om in N20-satd. soln. 700178 
contg. 5x 10--4 mol L-1 Ru(NH3)63+; [RU(NH3)63+IOH] -+ 

22.69 Pentaammine( chloro )ruthenium(Ill) ion, OH reaction product 

2l~69.1 First-order reaction 

[Ru(NH3)sCI2+IOH] -+ -3 X 10-3 20 p.r. 

unclear whether k or; 2k. 

P.b.k; at360IUil in N20':'satd. soln~ 
contg. 5x 10--4 molL -I , 

Ru(NH3)sCI2+ • 

700178' 
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TABLE 22. Rate ,constantS -forrutbeniuIIf transients·' ~ , Continued 

t(0C). Method ' , Comment 

~22.70' , ,Pentaammine(acetyleDedicarboxyl~t.o)ruthenium(lD),OB .. adduct ' 

i~~70.i ~ntaammine(acetylenedicarboxylatO)mthenimn(IIl), OB-adduct ,. 

1235 

Ref.' 

,,;,':-(NH3~5Ru(C404~Ofl)+' '~2 x 107 3.5 p;r. D.k. in N;O-satd. solD. contg. 88A030 
(NH3)~RuC404; unclearwhetherkoi .. ':<NH3)sR,!(C40 4-OH).:-+··, 
2k.' ' 
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TABLE 23. Rate constants for antimony transients 

No. Reaction pH I t(°C) Method Comment 

23.1 3,8,13,18-Tetrakis( carboxymethyl)porphine-2,7 ,12,17 -tetrapropanoato( chloro )oxoantimony(V) radical anion 

23.1.1 1,1' -Dimethyl.4,4' .bipyridinium 

Ref. 

[SbO(CI)(uroporphyrin 1)].+ + MV2+ -+ 4.6 X 108 

SbO(CI)(uroporphyrin 1)2+ + MV·+ 
9.0 f.p.lrq P.b.k. at 578 nm in deaerated soln. contg. 88N184 

10-5 mol L-1 SbO(CI)(uroporphyrin 1)2+, 
0.02 mol L-1 EDTA (RQ) and <10-3 mol 
L-1 MV2+. 
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TABLE24; R~e constan~:fortmtflJllsients 

:RNo: Reaction 

~~l TjiJ.(DI) 
f:~~l~l' .... TiD(III) 

~.Srt(lII)+ Sn(Ill) 7 SJ1(ll) +Sn(W) 

ii4~l~'~Oxyge,n, . : . ". ". . 
,,' Sn(llI) + O2 +W-+Sn(IV) + H02• 

1.9 xlO° o 

o 

t(~<::) .. Method '" Comment Ref. 

f.p. 

f.p. 

D.t.at 280 run in soln. colltg. ·1 mol L -:-1 86A208 
HCl and Sn(II) and Sn(IV). hi soln.contg. 
onlySn(II) or'Sn(IV), k = 2.5 x 109 arid 1.2 
x 109 Lmorl s-l, respectively; . 

D.k; at 280 run in soln. contg. 1 mol L -1 86A208 
HCl, 5.0 x 10-4 mol L-1 Sn(IV) and 8.83 x 89B054 
lO-5, 1.6 x lO-4, 2.84 X 10-4 or 1.38 x 10~-:t 
mol V-I oxygen . 

. ~~Z'.Dichloro[S,10,15,20-tetrakis(4.sulfonatophenyl)(lorphinatosta:nnate(lV) radiCal anion 

~a.~l.::First·orderreadion 

,(SnTPPSCI~r~--+ 

~~.2, "Oxygen 

. 'lS~TPPSCl2]·~""'+02-+ SnTPPSCl~,,-+ 2.6 x 108 

°f-' , .. ' , 

7 

7 

f.pJrq O.k. in N2-satd .. solo. contg .. SnTPPSC124- ·90A022 
and 4-HOC6H4NH2 (RQ). Reaction, . 
suggested to represent protonation 
followed by disproportionatioja toform a 
Sn(IV) chlorin. . ' 

f.pJrq O.k. in Nrsatd. solo. contg. SnTPPSCl24- . 90A022 
and 4-H~H4NH2 (RQ) and varied [02], 

',;~~:: ~ 5,10,15,20· Tetrakls(1.m:ethylpyridiniuDl,;4-yl)porphinatotin(IV) radical anion 

~~01·5,10,iS,20-Tetrakis(1,;methylpyridimUJJi4-yl)porphinatotin(lV)radlca1 anion 

.··[SnTMpyprS+ + [SnTMpypr~++ H+'-+ 1;5 x: 105 2.9 p.r. 
~nTMpyp6t"'.SnTMPyp:HS+ 

O.k. 84A12l 

";0: 
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TABLE 25. Rate constants for thallium transients 

No. Reaction k (L mol-l s-l) pH I t(oq Method Comment Ref. 

25.1 Thallinm(O) 

25.1.1 Silver(l) ion 

TIO + Ag+ ~ AgTI+ 1.7 X 109 p.r. O.k. at 400 nm in soln. contg. 0.1 mol 80A123 
L -1 2-OOH and 8 x 10-' mol L-1 TIT. 

25.1.2 Carbon dioxide 

TIo + CO2 ~ TI+ + CO2·- 3 X 107 3.7 25 p.r. Calcd. from rate of approach to 89COO1 
equilibrium in soln. contg. 0.01-0.04 mol 
L -1 TI+; ~= 3 X 106 Lmorl s-l. 

25.1.3 Cadmium(ll) ion 

nO+ Cd2+ ~ 3.6x 108 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 80AI23 
L -1 2-OOH and 8 x 10-5 mol L -1 Tl+. 

25.1.4 Chromium(lD) ion 

Tlo+Cr3+ ~ 6.0x 108 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 80A123 
L -12-OOH and 8 x 10-5 mol L-l Tl+. 

25.1.5 Copper(ll) ion 

TIo+Cu2+ ~ 3.5 x 109 p.r. O.k. at 400 nm in soln. contg. 0.1 mol 
L-1 2-OOH and 8 x 10-.3 mol L-1 TIT. 

80Al23 

25.1.6 Ferricyaoide ion 

TIO + Fe(CN)63- ~ 3.7 X 109 p.r. O.k. at 400 nm in soln. contg. 0.1 mol 
L -1 2-OOH and 8 x 10-5 mol L-l Tl+. 

80A123 

25.1.7 Nitrous oxide 

Tlo+N20~ 5 x 106 25 p.r. O.k. ip N20-satd. soln.; reaction 84C015 
sugge~ted to produce ·OH. 

25.1.8 Nickel{ll) ion 

TIo+Ni2+ ~ <1 X 107 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 80A123 
L -1 2-PrOH and 8 x 10-5 mol L -1 Tl+. 

25.1.9 Hydrogen peroxide 

Tlo + H20 2 ~ TI+ + ·OH + OW 3.7 X 109 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 
L-1 2-OOH and 8 X 10-5 mol L-1 TI+. 

80A123 

25.1.10 Oxygen 

Tlo + O2 ~ n+ + 02'- 3.5 x 109 p.r. D.k. at 400 om in soln. contg. 0.1 mol 80A123 
L-1 2-PrOH and 8 x 10-5 mol L-1 Tl+. 

25.1.11 Lead(ll) ions 

TIO+Pb2+ ~ 2.3 x 109 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 80A123 
L-l 2-OOH and 8 x 10-5 mol L-1 n+. 

25.1.12 Tris(2,2' -bipyridine)rutheoium(ll) ion 

nO + Ru(bpyh2+ ~ Tl+ + Ru(bpyh + 1.0 x 1010 7 25 p.r. P.b.k. at 505 nm in Ar-satd. soln. contg. 89COOl 
0.5 mol L-l 2-PrOH, 5 x 10-5 mol L-l 

Ru(bpYh2+ and varied ITI+"]. 

25.1.13 Samarium(ll) ion 

nO+Sm2+ ~ <2 x 107 p.r. D.k. at 400 nm in soln. contg. 0.1 mol 80A123 
L-12-OOH and 8 x 10-5 mol L-l Tl+. 

25.1.14 Thallium(l) ion 

nO + Tl+ ~ n 2 + 1.4 x 109 7 25 p.r. Calcd. from kobs = 1.7 X 107 S-1 for 89COO1 
increase in absorption at 420 nm in soln. 
contg. 0.5 mol L -1 2-PrOH and 10-4-
10-2 mol L-l TIC104; Icr= 1 x 107 s-l. 

25.1.15 Acetaldehyde 

nO + CH3CHO ~ n+ + CH3CHO- 1.0 x 109 25 p.r. Calcd. from rate of approach to 89COO1 

equilibrium in soln. contg. acetaldehyde 
and n+; Icr = 4.7 X 108 L mol- I s- I

. 
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TABLE 2S.Rate constants for thalliUlDtransientg ---. Continued 

Ilia· .-. 

~9~>Rea:ction 

it~:--,.- ,,', ""," ""', ' 
}»4--,Thallium(O) ~, Continue( 

1J~~;la6- ",' A(etone 

nO+ CH3C0c.:H3 .,.+ J1++{CH3hCO~ ,'1.6 x f(F 

J~~Hi1, 1,4;;BeniOquinone 

1'1° + Q -+Tr~ -+- Q'~, 

2$~1~18·Formaldehyde 

, "Tl() '+ HCHO -+ Tl++ 'CH20-' 

2.8x 10.9 

25~i<./'Thallium(IJion, complexwitb 11(0) 

,~~~# .. 'ThaUium(l) ion, complex with Tl(O) , 

, :Pt + Tl:'t~ Tll+ ,8 X 108 

;2si~ 'Sl1ver(IHon 

TI2 + + Ag+ -+Tl++ AgTl+ 

;~523, CadJnium(ll) ion 
Th++cd2+~ , 

"2S~A ;Chromiu:m(lll) ion 

"-- '. 'T12+ + C~+ -+ 

~s~;~. " Copper(ll) ion 
T1;z++Cu2+:~ , 

25.2.6 "Fenicyanide ion 

n:a+ +~(CN)63--+ 

25.2.7 'NitroUs oxide 

Tl2++N20 ~ 

25.2.8 Nickel(ll)ion 

Tl:Z+ + Ni2+ -+ , 

~~a~9 "," Hydrogen peroxide 

Tl2+ +H20 2 .;..i;2 TI+ + 'OH+Off" 

25.2.10 Oxygen 

, TI2 + + 02- 2TI++02~~ , 

25.2~11 Lead(ll)ions 

TI2 + + Pb2+ -+ 

: 1.3:x 109 

'ts X 10.8 

3.1x 109 

3.0x 10.9 

3.0. x 10.9 

1.5 X 10.9 

1L3, 
12 

7.0. 

12.7 

13 

I tee) Method Comment Ref. 

25 p.r. 

25 p.r. 

25 p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

JH-

p.r. 

25 p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

Calcd. from rate:of approach to 89C001 
equilibrium in soln. contg.acetone, Tl+ 
and 0..002 or 0..01 mol L -1 OIr; kr = 7.1 
X 10.9 L mor1 s-l. 

P.b.k.in soln. contg. 5 x 1O~5_mol L -1 7510.32 
benzoquinone, 1 mol L -1 tert~BuOH and 
5 x 10-3 mol L -I TI2S04; 42% TIO~ 

Calcd. from rate of approach to 89COOl 
equilibrium, in soln.qontg. 
fonnaldehyde andTf'";kr';" 1.5 x 10.4L 
mol-1 S:-1. " , 

D.k. at 420 run in Ar-satd. soln~ contg. 1,J3A299 
0..2 molL-1 2-PrOH, 0.0.1 molL-1 

acetone ando..o.~mol L -1 TlCI04; 

D.k. at 420. Din and p~b.k. at300 run in 80.A123 
soln. contg.0..1 molL -1 EtOH or2-PrOH 
aildO~02 mol i.-I 11CI04.' ' 

D.k at 420. nminsom. contg. 0..1 mol 
L-1 2-PrOH andTICIQ4' 

D.k.,at 420. nm in soln. contg. 0..1 mol 
L-1 2-PrOH and TlCI04. 

D.k. at 420. nmin soln~ contg. 0.:1 mol 
L~12-PrOH and TICI04. ' , 

D_k~ at 420nm in soln. cont2.0;lmol 
L-1 2-PrOH and TlCI04. 

D.k. at 420.nm in solo. contg. 0.;1 mol 
L ~12-PrOHand TICI04• 

'Y-mdiolysis studies indicate that N2 is 
one of the products of this reaction. 

D.k. at 420. om in soln. contg. 0..1 mol 
L-1 2-PrOH and TlCI04. 

D.k. at 420. nm in soln. contg. 0.1 mol 
L-1 2-PrOH and TICI04• 

D.k. at 420. run in soln. contg.0..1 mol 
L-1 2-PrOH and TIC104• 

D.k. at 420. nm in soln; contg. 0..1 mol 
L-1 2 .. PrOH and TICI04. 

80.A123 

80.A123 

80.A123 

80.Al23 

80.A123 

720844 

80.A123 

80.A123 

80.A123 

80.A123 



1240 BUXTON, MULAZZANI, AND ROSS 

TABLE 25. Rate constants for thallium transients - Continued 

No. Reaction k(Lmol-1 8-1) pH t(°C) Method Comment Ref. 

25.2 Thallium(1) ion, complex with Tl(O) - Continued 

25.2.12 Tris(2,2' -bipyridine)ruthenium(II) ion 

T12+ + Ru(bpyh2+ --. 2 TI+ + Ru(bpyh+ 5.2 X 109 12.7 p.r. P.b.k. at 510 nm in Ar-satd. soln. contg. 93A299 
0.05 mol L-1 TICI04, 0.2 mol L-1 2-
PrOH,O.Ol mol L-1 acetone aod 2.2 x 
10-5 mol L-1 Ru(bpyh(CI04h-

5x 109 7 25 p.r. P.b.k. at 505 om in Ar-satd. soln. contg. 89COO1 
0.5 mol L -I 2-PrOH, 5 x lO;...5mol L-1 

Ru(bpyh2+ and varied [Tl+'j. 

25.2.13 Samarium (II) ion 

Tl2 + + Sm2+ --. <6 x 106 p.r. O.k. at 420 om io solo. cootg. 0.1 mol 80A123 
L-1 2-PrOH and TICI04. 

25.2.14 1,4-Dicyanobenzene 

Tl2 + + DCNB --. 2 TI+ + [OCNBr- 2.7 x 109 . -7 p.r. O.k. at 490 om io deaerated solo. coritg . 730121 
10-4 mol L -1 DCNB and 10-2 mol L-1 

TI2S04· 

25.2.15 Hydroxymethyl 

Tl2 + + ·CH20H + H+ --. 2 TI+ + MeOH 4.0 x 109 6 p.r. CaIcd. from d.k. at 420 om. and condy. 80A123 
change io solo. cootg. MeOH and TI+ 
assumiog values for 2k(Tl2 + + TI2 +), 
k(T12 + + H20 2) and 2k(R + R). 

25.2.16 I-Hydroxyethyl 

TI2 + + CH3CHOH + H+ --. 2 TI+ + 3.0 X 109 6 p.r. Calcd. from d.k. at 420 om. and condy. 80A123 
EtOH change in so]n. contg. EtOH and Tl+ 

assuming values for 2k(Tl2 + + TIt), 
k(Tlz + + H20 2) and 2k(R + R). 

25.2.17 I-Hydroxy-1-methylethyl 

TIt + (CH3hCOH + W --. 2 TI+ + 3.0 X 109 6 p.r. Calcd. from d.k. at 420 om. and coody. 80A123 
2-PrOH change in soln. contg. 2-PrOH and Tl'" 

assuming values for 2k(Tl2 + + TI2 +), 
k(Tl2 + + H20 Z) and 2k(R + R). 

25.3 Thallium(O), complex with thallium(1) ion, dimer 

25.3.1 Thallium(O), complex with thallinm(l) ion, dimer 

T142+ + T142+ --. 1.8 X 106 13 p.r. Estd from dose effect on abs. at 300 om 80A123 
in soln. contg. 0.02 mol L-1 TICI04 and 
0.1 mol L-1 EtOH or 2-PrOH. Uoclear 
whether k or 2k. 

25.3.2 Tris(2.2'-bipyridine)rutheniumaI} ion. electron adduct 

TIl+ + Ru(bpYh + --. Tl4 + + Ru(bpYh2+ 6x 108 12.7 p.r. O.k. at 510 nm in Ar-satd. soln. contg. 93A299 
0.05 mol L-1 TICI04, 0.2 mol L-1 2-
PrOB. 0.01 mol L-1 acetone and 2.2 x 
10-5 mol L-1 Ru(bpYh(CI04h; value 
obtained from computer fit. 

25.4 Thallium(m ion 

25.4.1 Chloride ion 

Tl2+ + Cl- --. TlCI+ 9x 109 0 23 p.r. O.k. at 290 nm in soln. contg. 3.0 x 10-3 741038 
mol L-1 Tl3+, 3.0 X 10-3 mol L-1 HCI 
and 1 mol L-1 HCI04 ; kr= 1A x 105 s-l. 

25.4.2 CobaJt(IJ) ion 

Tlz+ + C02+ --. TI+ + Co3+ 6.2 X 103 0.6 0.75 25 f.p. O.k. at 270 nm in soln. contg. 10-3 mol 747625 
L-1 TI3+. 0.25 mol L-1 HCI04 and 0.02-
0.2 mol L-1 C02+; kr = 3.1 X 10-3 L 
morl s-l. 
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TABLE 25. Rate constants forthaliiUin transients --'Continued' 

25.43· Cob8lt(DI}ioD 

, 9.5 x 106 0.3 

zs'.4~4\Iron(D) ion 

)f:Pt~ Pe2+-.. Trj;+ Pe3+ 2.6 X 106 0;6 

6.7 x 106 o 

2S.4~Iron(ll) tris(1,10-phenantbroline-5,6-dione) 

TI2.fo+ Fe[I,lO-PDh2+ -.. 4.0 X 108 3.2 

~5.4~6 Jron(m) lon 

, 'n2+ + ~3+ -.. TI3:," + Fe2+ 1.1x 106 0.6 

c2S.4~7 Pe:rhy~oxyl 

Tl~++H()2~~ n+ +H++02 2.5 x 109 

2SA.8" ,,' Hydrogen 'peroxide 

T12+ + H;02 --+-'n+ ... H02~ +H+ 2.8 x 107 

!5A~': Manganese(ll) ion 

,'n2++ Mn2+ -.. Tl+ + Mii3+ 1.9 x 104 0.3 

,"2S~4~10' Thallium(TI) ion 

, ~n2+ +Tl2+ ~nlf"+ 11+ 1.9 x 108 0 

1.8xl08 1 
1.9>< 108 0.6 

'3.2 XJ08 0.6 
4.5 x 108 0.6 
4.1 x 108 0.3 
4.5 x 108 0 

I teC). Method Comment Ref. 

0.55 22 f.p. 

O.3C 25 f.p. 

23 p.r. 

p.r. 

0.30 25 f.p. 

p,r. 

p.r. 

0.75 22 f.p. 

23 p.r. 

0.25 25 fp. 
0.25 
U.:)O 

1.0 
1.0 
1.0 

D.k.at 303 inn in soln. contg. 10':"3 mol, 757093 
L-1 n 3+ andO.5 moIL-I W. 

D.k. at 303 run in soln. eontg. 10-3 IDol 757093 
L"",1 n 3+ andO.25molL~1 W; studiooat 
14.7-39.6 °C.;Ea =4.8 kJmorl. 

O.k. at 290 run in soln. eontg. 10-3 mol 741017 
L-1 n+, 10-2 mol L-1 n3+,lmol L-1 

HCI04 and (1-2) x 1O~3 molL -:-1 ~2+ 

P.b.k. at 600 nril in N20-satd~ soIn. 
c()~tg. n2S04, FeS04 and 1,10:
phenanthroline-5,6-dlone. 

D.k. at 270 nm in soln; eontg.1O-2 mol 
L-1 Tl+,2 xtO-:-3 mol L"":LTl3+ and 0;25' 

. mol L-1 HCI04• 

D.k. in aerated soln. eontg. 10-3 mol L-1 

n+. Estimated from initial deCay of' 
n2+ 

D.t. in aerated soln.eontg. 10-3 mol L-1 

n+ and 8.9 x 10~moIL-1H202' ' 
Evidence for products from :H202 and H2.' 
yields in y-r.-irradiatedTl+s6}utions. 
[710036]. 

D.k. at 303 run insoln. eontg. 10-:-3 mol 
V·I Tl3+ and 0.5 mol L-l W. 

D.k. at 280 run in soln. eontg; 10-2 mol 
L-1 Tl3+, to-3 mol L-1 Tl+ and 1 mol L-1 

HCI04• 

D.k. at 270milinsoln; contg. 1O-3 mol 
L":,,l n 3+, 10-3 molL-1n+ and 0.25 mol 
L 1HCl04; studied atl!)4!);ut:'~·a,=·i.9 
kJ mol-I; reealcd. from the original data 
using ~70 = 3800L mol-tem-l ' 

[741017]. 

93A292 

747625 

660097 

660097 

757093 

741017 

747625 

25.4.11 5,lO,15,20-Tetrakis(l-methylpyridinium-4"yl)porphinatozinc(ll) ion 

11,2+ + ZnTMpyp4+ -.. Tl+ + 4.3 X 108 3.3 0.004 p.r. P.h.k. at 690-700 rim in N 2O-satd, 85A038 
[ZnTMPypr5+ buffered soln. eontg; Tl2S04 and (1-4) x 

10-4 mol L -1 porphyrin. ' 

2S.4~12 6-Aminophenalenone 

T12+ + 6.:.NH2PHO-"Tl+ + 6.0>< 109 p.r. P.h.k. at 420 nm, in N20.,satd. so1:l1. 93A4{)L" 
[6-Ni:I2PHOr+ eontg. 0.005 mol L-1 Tl2S04; 

25.4.13 'Anisole 

'n2+ + C6HsOCH3 -" 11++ 5.0x 108 4 20 p.r. P.h.k. and d.k. in N20-satd; soln: eontg. 751171 
[C6HsOCH3r+ 10-3 mol L-1 Tl2S04 and 10-4 molL.,.1 

anisole. 
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TABLE 25. Rate constants for thallium transients - Continued 

No. Reaction k(Lmol-1 s-lr pH I teC) Method Comment Ref. 

25.4 Thallium(II) ion - Continued 

25.4.14 Chlorpromazine, conjugate acid 

Tl2+ +CZH+ -+ TI+ + [CZHr2+ 1.5 x 109 2.0 p.r. P.b.k. at 505 nm in N20-satd. soln. 
contg. 0.003 mol L -1 Tl2S04: overall 

83A272 

rate constant, 86% electron transfer. 

25.4.15 Diethyl disulfide 

n 2
+ + C2H5SS~H5 -+ n+ + 1.4 x 109 3.5 p.r. O.k. at 260 nm and p.b.le. in N20-satd. 761143 

[C2HsSS~Hsr+ soln. contg. 2 x 10-3 mol L-1 Tl+ and 
various lower concn. of disulfide. 

25.4.16 Diethyl sulfoxide 

T12+ + (C2Hs)2S0 -+ TI+ + 1.4 X 107 3.2 p.r. D.k. in N20-satd. soln. contg. 5 x 10-3 89A465 
[(C2HshSOr+ molL-1 Tl+. 

25.4.17 3,5-Diiodotyrosine 

T12+ + 3,5-12TyrOH-+ 1.0 x 109 2 p.r. P.b.k. at 350 nm in soln. contg. 0.005 94A179 
mol L-1 Tl+. Reaction occurs by split 
path forming phenoxyl type radical and 
radical cation. 

25.4.18 1,2-Dimetboxybenzene 

T12+ + 1,2-C6H4(OCH3)2 -+ Tl+ + 6.0x 108 4 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 751171 
[1,2-C6H4(OCH3)2r+ 10-3 mol L-1 Tl2S04 and 10-4 mol L-1 

dimethoxybenzene. 

25.4.19 1,3-Dimethoxybenzene 

T12+ + 1,3-C6H4(OCH3h -+ Tl+ + 8.0x 108 4 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 751171 
(1,3-CoH4(OCH3h]·+ 10-3 mol L-l T12S04 QIld 10-4 mol L-l 

dimethoxybenzene. 

25.4.20 1,4-Dimethoxybenzene 

T12+ + 1,4-C6H4(OCH'lh -+ Tl+ + 6.5 X 108 4 20 p.r. P.b.k. and d.k. in N,O-satd. soln. contg. 751171 
[l,4-C6HiOCH3hf+ 10-3 mol L-1 Tl2S04 and 10-4 mol L-1 

dimethoxyberizene. 

5.2 x 108 4 22 p.r. P.b.k. at 430-460 nm in N20-satd. soln. 
contg. 10-3 mol L -1 Tl2S04. 

87A041 

25.4.21 1,4.Dimethoxybenzene radical cation 

T12+ + £l,4-C6H4(OCH3)2r+ -+ Tl3+ + 6.0 X 109 4 22 p.r. Detd. from dependence of [1,4- 87A041 
1,4-C6HiOCH3h C6HiOCH3hr+ on pulse intensity in 

N20-satd. soin. contg. 10-3 mol L-1 

TI2S04• 

25.4.22 2,3-Dimethoxybenzoic acid 

T12+ + 2,3-(CH30hC6H3C02H -+ TI+ + 2.1 X 109 -3 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
H+ + [2,3-(CH30)2C6H3C02r 1 x 10-3 mol L -1 Tl2S04. 

25.4.23 3,4-Dirnethoxybenzoic acid 

T12+ + 3,Jf-(CHjOhCOHjCOlH ........ n+ + 1.7 x 109 --3 20 p.r. P.h.k. and d.k. in NzO-satd. soln. contg. 771006 

H+ + [3,4-(CHgO)2C6H3C02J' 1 x 10-3 mol L -1 T12S04• 

25.4.24 2,4-Dirnethoxybenzoic acid 

T12+ + 2,4-(CH30}lC6H3C02H -+ Tl+ + 9.1 X 108 -3 20 p.r. P.b.k. and d.k. in N,O-satd. soln. contg. 771006 
H+ + [2,4-(CH30)2C6H3C02r 1 x 10-3 mol L -1 T12S04• 

25.4.25 2 f 6-Dirnethoxybenzoic acid 

T12+ + 2,6-(CH30)2C6HgC02H -+ Tl+ + 1.8 X 109 -3 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 
H+ + L2,fi-(CH30hC6H3C02r I x 1O~3 mol L- 1 T12S04• 

25.4.26 3,5-Dirnethoxybenzoic acid 

T12+ + 3,5-(CH30)2C6H3C02H -+ TI+ + 2.4 x 109 -3 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg. 771006 

H+ + [3,5-(CH30hC6H3C02r 1 x 10-3 mol L-1 TI2S04• 
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TABLE 25~·· Rate constants for thitllium transients·:-o:.. Continued 

:-':).\:.,:... .. ,., .. 
4f'. 

k(LmoF1s:-I) •• No,:' : Reaction pH 1 t(0C) Method Comment Ref. 

~14TbaIlium(ll) ion - COntinued 

~2$A.27 Diinetbyl disulfide 

'rl2++CH3SSCH3 4 Tit ~ 2.-3 X 109 3.5 p.r. D.k. at 260 nmandp.b.k. in N2O-satd. 761143 
.... [CIi3SSCHjf+ . soln. contg. 2 x 10-3 mol L -I TI+ and 

various lower conen. of disulfide . 

• i~A:28- Diinetbyl sulfoxide' 

\fn2+ + bMSO'~Tl++[DMSOr+ Lfxl07 3.2 p.r. n.k.ID N20-satd. soln. contg: 5xlO~3. 
mol L-1 n+. 

89A465 

2$;4.29 '. DiinethyI3,3'·thiodipropionate 
\,"'2+ .... , ... : ..... : . . .. : ... ' + 

Tl· . +2 S(CHiCH2C02CH3h '-+ n . + 1.7x 109 1.5 23 p.r. P.b.k. at 510 run in 0:i-satd.soln.contg. 92A059 
·-[(CH~d~CCHiCHihSr+ ' .. 0.01 mol L-I TI+ and (0.4-Ll) X 10-3 

mol L-1 dimethyl 3.3'-thiodipropionate. 

l$:A~O ". Diphenyl selemde . 

T1.2+ + (C6HshSe-+Tl+ + 2;6x 109 p.r. P.b.k. at 750nm in N2O-satd.soln. 94A098 
-:,,![(G6Hs>2Se r-t- contg. Tl2S04• 

·as.4lu Diphenyl sulfide 

n 2++(Ci;H:shS -+Tl++[(C6HshSr+" 3x 109 p.r. P.b.k. at 750 run in N20-satd. soln. 94A098 
contg. Tl2S04. 

'UA3.2 .... Dipllenyl tellu.. __ 

n2+.+(C6Hs)zTe ~ TI+ + 3.2xl09 p.r. P.b.k. at 580 run in N20-satd. soln. 94A098 
[(C6HSh Ter+ contg. TI2S04. 

';2.5A33 Dipropyl sulfoxide 

:n~++(Cf.hCH2CH2hSO -+ T1; + 2~2 X 107 3.2 p.r. D;k.in N20-satd.soln. contg.5 x 1073 89A465 
{(CH3CH2CH2)2S0r+ moIL-ln+. 

:2504.34 ... ' Ethanol 

,m2+ + EtOH -TI++H+ +CH3CHOH ' .. 8.8 X 103 0.43 23 'Y-r. Calculated from the 'Y-ray induced··chain 700336 
reaction in TI2+ + ethanol solutions~ 
taking k(TI2+ + TI2+)= 1.9 X 108 Lmor':'! 
s-1 [741017]. . 

-~50435 Metbanol 

1'12+ + MeOH -+ TI+ + H+ + °CH2OH 6.9 x 103 0.43 23 y-r. Calculated from they-ray indu~ chain 
reaction in TI2+ + methanol solutions, 

700336 

taking k(Tl2+ + TI2+)= L9 X 108 L mol-I 
s-1 [741017]. 

·'25A.36 Methionine 

~:Te,+ + Met 4T1+ + [Mett+ 2,5 x 109 3.35 p.r. D.k. at 260 run and p.b.k.at 290 rimin 81A340 
N20':satd. soln. contg. 2 x 1O-:3 moIL-:1 

TI+ and 2 x 10-S mol T . ...;1· methionine. 

~.4~'7 2.Metboxybenzoic acid. 

:112+ +2-CH30C614C02H 4T1+ + H+ 1.2x 109 -3 20 p.r. P.b.k. and d.k. in N20-satd. solo. cont~. 771006 
+ [2-CH3OC6H4C02r 1 x 10-3 mol L -1 TI2S04• 

;~5~4.38 3·Metboxybenzoic.acid 

tJ.2+ + 3-CH3OC6H4C02H -+ TI+ + W 1.6 X 109 "';3 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg; 771006 
. :"'[3-qI3OC6H4C021" 1 x 10-3 mol L-1 TI2S04 • 

2.4.39 . 4.;Metboxybenzoic acid 

112+ +4-CH30C~4C02H -+ TI+ + H+ 5.3 X 108 .:..3 20 p.r. P.b.k. and d.k. in N20-satd. soln. contg . 771006 
+,[4-CH30C6H4COUo 1 x 10-3 mol L -1 TI2S04. 

. -
2!5.4AO Methylene Blue cation 

n 2+ + MB+ + H+ -+ TI+ + [MBH]0 3+ 2.4 X 109 1.7 p.r. P.b;k. at 525 run in Orsatd. soln. contg. 
10-4 mol L -1 methylene blue and 2 x 

89A375 

10-3 mol L -1 TI2+. 
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, TABLE 25. Rate co~tsfor thalijumtrimsients ,'~' ColltiIlu¢ 

No; Reaction 

2SA Thallium(ll)' ion -,.- Continued 

25A.41 Neutral Red cation 

,n2++ NiuF+W:+ n++ [NRH2r 3+ 1.7 x 109 

25A.42 N-Nitrospdimethylamine 

n 2++ (CHj)2NNO ~ 

25.4~43 Phenylthiourea 

n 2
+ +'C6HsNHCSNH2-+ 

25.4.44 PrOmetbaziQe,' conjugate ac~ 
n 2+ + Pm+ -+ n+ + [PZH].2+ 

25~4.45 2,;,Propanol 

n 2+ + 2..,PrOH-+n+ + H+ + 
(CH3hCOH 

3.2 X 109 

25.4.46 ,Safranine cation,conjugate~onoaCid 

n2++ STH2+--':[STH]·3++ n+ '2~2 X 109 

25.4~47 Sulfacetamide 

n2+ + HiNC6H"S02NHAc;-+ 
LH2NC6H4S02NHAcf' + 1'1' 

25.4.48," , 1,2,4~-Tetramethoxybenzene 

n2++ 1.2,4,5..,C6H2(CH30)4 -+ n+ + 
[1,2,4,S",C6II2(CII30)4r+ 

'25.4~49 3,3' ~ Tiu~pi'opallol 
n2+ + S(CH2CH2CHi OH)2 -+ n+ + 
[{CHzOHCHzCHz)zSr+ 

25.4.50 3,3'-Thiodipropionic aCid 

. n2+ + S(CH2CH2C02Hh -+ n++ 
[S(CH2CH2C()2Hhr+ 

25.4:.51 Thi()~ne Cation 

n 2+ +Th++ ~ -+ n+ +[ThH].3+ 

25.4.52 Toluidine Blue cation 

ri2-i- -to TB+ T If"" -7 n+ ''T' [TDH).3+ 

25.4.53 '1,2,3';;Trimethoxybenzene 

T12++ 172,3..,C6H3(OC~h -+ 11+ + 

[l,2,3-C6H3(OCH3hr+ 

25.4.54 1,2,4-Trimethoxybenzene 

, Tl2+ + 1,2,4-C6H3(OCH3>J -+11+ + 
[1.2,4';~H3(OCH3ht+ 

2.0 x 1(\9 

3.8 X 109 

1.7 x 109 

6.8 xl08 

pH 

1.8 

2.7 

2.5 

0.43 

2 

33 

4 

1.5 

1.5 

2.5 

1.8 

4 

4 

teC)Method Comment . 'Ref. 

p.r. 

p,r. 

p.r. 

p.r. 

·23 ,,(-r, 

p.r. 

p;r. 

p:r. 

23 p.r. 

p.r. 

p.r. 

p.r. 

20 p.r., 

20 p.r. 

P.h.k. in 02~Satd~.soln.contg .. ().00~Plol 93AlOO 
L-1 ,11+ and 1 x 10~ molL-:-l Neuqa' 
Red;', ' 

I);k~at 340 runin~20-s~td.~()lfi~cQntg; --9 ~DI7'. 
TliS04" ' 

P.b.k. at 58Qnm iti,soIti.,i~ontg,'l1+andj ·94AOO2 
x 10--4 IDolL~l phenyltlliQ1l¢a;Product 
suggested to be deprotonatedradicaI 
cation. 

P.hle, at505~inN20~satd. soln~ .' 83A272 
contg. 0.003 moLL -1 Tl2S()4;oyerail 
'rateconsumt 93% electron transfer. 

Calculated from th¢"(-la~'iIldu~.c~ 100336 
reaction in 112++ 2-~r?pan?rSolutionS~ 
takingk(Tl2+ +n~+)= 1:9 X 108,liinor1 , 

s..,.I1741 0171. 

P,b.k. at 460 nm·in0rsatd;iSOltl.·contg. 92AOO8 
0.002 molL~lT12S04' 

P.b~k. at 440.run in N2o.~satd~, soIn.' 
coing.· 11+ and sUlfacetamide~' 

P.h.k. at 447' run in N20~satd:'soln~ 
contg. 10-3 mol L-:-l Tl;ZS04' 

,·94A208 

87A041 

P.h.k. in 02-satd. soln~ contg.0.01 mol 92A05' 
L""ln+. -, 

P.b:k. at 390nm in 02:;'satd~ ,soln. contg, 90A488 
2.0 x 10-3 molL-1 TI+~ 

P.b.k. at 480 run iriN'20;.satd~ 'Soln: 
- contg. 2 xlO~3morL-:-11J+; prOd:Uct: is 

seJmoxidized' thi0nine. Tl(OIi)+ . 

generatessameprod~~ at pH5.S. 

P.b.k. at 500 nrii in sohi.contg.O.OO2 
molL-l 11+. 

S1A452 

90A23S1 

P.ble. andd.k. in N:lO~satd;, soln~contg. 751171 
10-3 mol L-1 TI2S04 ahd 1'0;4 mo~L-l 
trimethoxYbenzene. -, . . ' 

P.b.k. andd.k. inN20-satd.soln:. contg. 751171 
10-3 mol L -1 TI2S04 and 10-4 mol L -1 

trimethoxybenzene. 
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TABLE 25. Rate constantsfortha!lium transiepts-Continued 

,~Q;' Reaction k (icmol-1,s-1) pH I t(~C) Method " Conunent Ref. 

.... '" . ' ... " _. 

'.~?'. ','ThalUu;m(ll)ion" '-::. Continued 

,Z.5.4~5 ·l,3,s-Trimethoxybenzene 

,.n2++ l;3;S';C6H3(OCJ:h>3-+ n+ + 7.0xl0~ 4 20 p.r. P.h.k. and d.k. in N20~satd. solo:. contg. 751171 
. [l.3~5-C6H3(CH30)3r+ 10-:-3 mol L-1 Tl2S04 and 104 mol L-1 , 

trimethoxybenzene. 

~'2SA.s62,3,4-TrimethoxybeDZOjc acid 

':Tl~+ + 2.3,4(ClhO)3C6HiC02H-+Tl+ 1.6 x 109 -3 20 p.r. P.bk and d.k. in N20",satd. soln, contg; 771006 
. i:: W .~ [2,3;4,:,(CH30)3C6H2COif 1 x 10-3 mol L-1 Tl2S04 . 

2SA:57· . 3,4,5~ Ti;methoxybenzc)icacid 

Tl2+ +3.4S·(CHj()hC6H2CO~H -+ T1+ 
:'·kw+ [3.4.5~(CH3()hC6H2COir 

8.4 x 108 -3 20 p.r. P.b.k. and d.k. in N20-satd.soln. contg. 
1 x 10-3 mol L-1 Tl2S04• 

771006 

~A;S8,2,4,s·Trimethoxybenioic acid 

n2++ 2,4.5~(CH30hC6H2C02H -+ TI+ 8;2x108 --3 20 p.r. P.b.k. and d.k. in N20.;.satd.soln~ cQntg. 771006 
+W + [2.4,5~(CH30hC6H2C02r 1 x 10-3 molL-I Tl2S04. 

~A.~9 ... i,4,6-Triineth~x1benzoicacid 
1.5 x 109 n2+ + 2,4,6~(CH3Q)3C6HiC02H -+ Tl+ -3 20 p.r. P.b.k. and d.k. in N20-satd.soln. contg. 771006 

·+.W+ [2,4,6-(CH3O)3<::6H2C02r 1 x 10-3 mol L -1 Tl2S04• 

2S.5 Hydroxytballium(m ion· 
25.5.1·· .•• Iron(lt)tris(1,10-pheDaDthroline-S;6~dione) 

TlOH+ -+ Fe[l ; 1 o.pnh 2+ -'+ 70x 108 5.1 p.r. P.b:k.at 600 nm in N20-~atrl. ~nln. 9~A292 

contg. TI2S04, FeS04 and 1,10-
phenanthroline-5,6~dione. 

~5;.5a Hydrogeoion 

110H++ H+ -+TI2+ +HiO 1;4 X 1010 2-7 . var 21 p.r . . D;k. at 360 nm in N20-satd. soln.contg. 751130 
10-3 mol L -1 Tl2S04 and HCIO ... 
Evidence for equilibrium from optical 
and conductivity measurements. 

1.0 x 1010 0.01 25 p.r. D.k. at 360 nm in soln. contg. 0.001 mol 84C015 
L-1n+, O.Olmol L-1 NaCI04 andvarled 
[H'1; Keq = 6.0 X 104 ~l. . 

25,~~ HydroxytbaIltum(II) ion. 

TlOii+ + TlOH+ -+ 1.9 X 109 6.5 -0 p.r. D.k. at 260 nm in N20-satd. soln. contg. 660097 
5 x 10-4 mol L-1 TI+. 

1.9 x 109 5.6 p.r. D.k. in N20-satd. soln. 761192 

25.5.4 ... Adenosine 

TlOH+ + A -+ TI+ + Olr + A·+ 6.3 X 107 7-7.4 0.006 20 p.r. O.k. at 360 nm in N20-satd. soIn. contg. 89A247 
2 x 10-3 moiL ~1 Tl2S04; mixt. with 
T1(OHh· 

2S.s.5 Adenyiyl-(3'-+5')-giumosine 

TlOH+ + A.pG -+ 5x 108 -7 20 p.r. O.k. in N20-satd. soln. contg. 0.002 mol. 93A1l8 
L-1 n+ and 1 x 10-4 mol L-1 ApG. 

25.5.6 Chlorpromazbi~ conjugate acid 

. TlOH+ + CZW -+ Tl+ + OW 4- L6x 109 6.5 p.r . P.h.k. at 505nm in N20-satd. soln; 83A272 
. [t:ZH(~+ cOntg. 0.003 mol L -1 Tl2S04; overall 

rate constant, 59% electron transfer. 

,?<S.s.7, 2' -I>eoxya~enosine 5' -monophosphate 

TlOH+ + dAMP -+ n+ +: Olr+ 1;6 x 108 7-7.4 0.006 20 p.r. D.k. at 360 mnin N20-satd. soIn. contg. 89A247 
[dAMPr+ 2 x 10-3 mol L-1 Tl2S04; mixt. with 

TI(OHh· 

2S.5.8 2 '-Deoxyguanosine·5'-monop,-,osphate 

TIOH+ + dGMP -+ TI+ +OW + 3.4x 109 7-7.4 -+0 20 p;r. O.k. at 360 nm in N20-satd. soln. contg. 89A247 
[dGMPr+ 2 x 10-3 mol L- l Tl2S04; mixt. with. 

Tl(OHh· 
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TABLE 25:R~e constantS:fodhalliuintransient.s' ""':Continuetf 

No~ Reaction 

25.;5 Continued 

25.5.9 Diethyl disulfid~ 

TlOH+ +C2H5SS~HS~Tl++OIr + 1.4 x 109 

[~H5SS~Hsri . 

25.s~10 ·1,2-l)imethoxybenZene 

, •.•. TlOH+ +1,2-:C6Ri(OcH3h .. -: 1.2 x 109 

25.s~11··· ·1,4~Dimethoxybenzene 

TiOH+ .... 1,4~C(iH4(OCH3h'-!> 

25.5.12 Dimethyldisulfide 

TlOH+ + CH3SSCH3 -+T1+ + Olr + 
[CH3SSCH3r+ 

25.5.13 Ethariol 

TlQH+.+ EtOH-+ T1+ + H20 + 
C~;CHOH 

25.5.14 Fonnaldehyae. 

TlOH++HCHO -+Tl++H20+ ~CHO~lx 10° 

25.5.15 Giianosine 

TIOH++G-+ 

25.5.16 . Glycyltryptophan 

1.3 X 109 

TlOH+ + GlyTrpH ..... Tl+ + [GlyTrp)" + l.4x 109 

H20 

25.5.17 M.:lhallul 

·nOH+ +MeOH· ..... Tl+ + H20 + 
··CH20E" 

25.s~18 I-Methyicytosine 

TlOH++ I-MeCy ..... 

25.5.19 Methylene BlueeatioD 

-I xl06 

TlOH+ + MB+ ..... n+ + [MB]"2+ +Olr 2.4 X 109 

25.5.20 l·MethyIthymioe 

TlOH+ +1,5-Me2U -+ 

25.5.21 1,10·Phenanthroline-S,6-dione 

TlOH+ + 1,1O-PD ..... 9.5 x 108 

25.5.22· 2~Propanol 

'TlOH~ + 2-PrOH.-+ Tl~ + H20 + 
. (CH3hCOH 

1 t(Oe) Method···· Comment Ref 

5.5-6 p.r. 

>4.7 p.r. 

sA..7 

5.6 p;r .. 

p.r. 

p.r. 

7-7.4 0.006 20 p.r. 

7-7.4 0.006 20 p.r. 

p.r. 

7-7.4 0.006 20 p.r. 

6.7 p.r. 

7-7.4 0.006 20 p.r. 

5.6 P·f· 

p.r . 

D:k. at .260 nniim~.p:b.k.ln:N2Q"Satd. 761143 
SOlil. contg .. 2 X 1O-3 mofL,,""1t:J:':;8ild,· 
various lower conco.ofdisUlflde: 

P~bk aiid:d;k.in~N20 .. sat:d; solri;.eontg; '151086 
10~3 .IDol L-1 11:i50.j,'arid40;:4mol V,1 
dimethoxy~~~~~ 

P_b_k_ andd;k)ln-l\l29;.~aV1;s61ri:;cotitg 751086 

10-3 mol~~lTI2S,94:~~_1.(rtniotL~1, 
dimet:hoxYbenzene. 

U;.fI.. at :l60IlIP ·~~1>:b~~,~440nm in ... 
N20-satd,:solo."~q!g;;~>,< 10 ... 3 molL ~~ 
11+ and· variousiloVl~r:cpncIL of " 
:lisulfide 

D;k. at 420nm; mixt. with Tl(OH)2' 

761143 
76li92 

89COOl 

89COOl 

D.k.' at 360nm ili"N2()~satd: solo. contg. 89A247 
2 x-I0-3 mol L-1 Tl2S04• 

D;k.at 360nminN20-satd. solo. contg. 89A247 
2 X 10",,3 mol L-1 Tl2S04; mixt.with 
Tl(OHh, 

D.k. at 360nm inN2n .. satd~·soln;;J11ixt. 89('(Vl1 

with Tl(OHh;·· 

D.k at 360 niri in N20-satd. soln .. contg. 89A247 
2 x 10-3 mol L::l T12S04; mixt..with 
U(OH)2. 

P.b.k. at 525 nmin,N20satd; soln. contg. 89A375 
10-4 mol L -lmethyleoe blue 'and 2x 
10-3 molL-l Ti2+. 

D.k. at 360nriihiN20~satd:solil;cootg. 89A247 
2>< 10-3 mol L-:-l·T12SO.t;mixt. with 
Tl(OHh· 

P.h.k. at 600 riIll in Ni0':;satd. ·solo. 93A292 
cootg. T12S04 andl.l0,,:"phenan~hroline-
5,6-dione. 

D.k. at360 ilirilil N20";;;said;sulIl.~ Jlilil.t~ 89COOl 

with Tl(OH):i ... 
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T~LE25. Rate,conStaIl~ ,for:~UlD.~tnmsiep~ >~. Condnued', 

2SeSa4' 'Thyuii4)rlYl;t3'~5').2'.d~oxygtUll1osille 
. , ':IjbH+ +:1pdG ~ " , ' ,', 5 X 108 

t~i~t,' T91DidineBluecati()ll ", 
. '·".TIOm +.TB+':'+TI":+()Ii-~lTB]~2"':'1.7XlC 

~;~:~;'ypihydroxythallium(m 

~;Z~l~;l:_,:I)J~ydroxytbaIU~(II) 

~rJ(OHh+n(OlQ2"':+ 3.2x 10~ 
':)0': ." .~.:-.~;.', • -',;", '. ,," ., • .' __ .~i; ___ ~ " 

25.~~·X:;lde,#:aZilli(:~dd,C?rijU~~te base 
~Ti(OHh+M4:-+[MZr +Tlt+2, 2:5x 109 

;'OH'". 

<2$.6~Te~tromemUu" 
tTI(OlIh+ C(N02)4 • TI(III)t·N02 +, 4x 108 

,;Qti°2)3-

Z5~7~l • ,Iron(II) ion 

;:25.7.2 Chloroiron(lll) ion 

'TICr~+FeCI2+-+;TlCI2+ + Fe2~ 

'~S~8;' .,DichlorothBllium(m 

:"25~8~1 Iron(D) ion 

:nC12 + Fe2+ ~ TICI + FeCI2+ 

3.9x 108 

6 

-7 

6.8 

9.0 

10 

8-9 

o 

o 

o 

o 

o 1 

'>".' .....••. - .. '. -- ._-

t(OC)Method ,,·Comment Ref. 

p.r. 

[) p.r~ 

p.r. 

p.r. 

p.r. 

p.I. 

21 p.r. 

21 p.r. 

21 p.r. 

21 p.r. 

21 p.r. 

P.b.k. at 460 run in N20-satd. soh.. 92A008 
contg.OJ)()2 molL~ln2S04; 

D.k. inN20~satd~ soIn. contg"0.002 mol . 93A118 
" L-I n+ andl x 10-4 molL-I TpdG. 

P.b.k. in ,soln. contg. 0.002 mol L -I-n+; 90A238 

, D.k.inN20~satd. soIn. 761192 

D.k.at 460 nrninNzO-satd. soln. :contg. 81A162 
3 x 10-3 mol L-I nso4; 71% e-transfer. 

O.k.. at 410 run and p~b.k:.a(;~t50runin . 761192 
N20-satd.soln.contg. 2>< 10-3 molL::-I 

TI+ and -10-4 mol L-I 

tetranitromethane. 

Calcd. from p.b~k. at 340 nm insoln. 761154 
contg. I mol L -1 HCI04, 1 X 10-4 mol 
L -1 crl, 2.6x 10-4 molL -1 TI(IH) mid 9 
x 10-4moIL-I TI(I). 

Calcd. from p.b.k.at 340 mil in solo. 761154 
contg. 1 mol L -1 HCI04, Ix 1O~~1 mol 
L -1 cr\ 2.6 x 10-4 mol L -1 Tl(m) and 9 
• x 1 04 molL~ 1 Tl(I). 

D.k. at 340 nmin soln.contg. 1 mol L-I 761154 
HCI04, 1 x 10-4 mol L -1 a-I, 2.6 x 10-4 
mol L -1 TI(III) and 9 x 10-4 Jllol L-1 

Tl(I); same k for nCl2 + FeCI2+, nC13-

+ FeCI2+,etc. For reaction of same:TI(m 
species with FeOH2+, k = 3 x 108 L 
morIs-I. 

Calcd. from p.b.k.at 340 nm in so)n. 761154 
contg. 1 mol L- I HCI0-4, 1 x 1 0-4-1 mol 
L-I Cl-I , 2.6 X 10-4 mol L-I Tl(lm and 9 
x 10-4 mol L -1 TI(I). 

Calcd: from p.b.k. at 340 nm in solo. 761154 
cootg. 1 molL-I HCI04,1 x 10-4_1 mol 
L -Id-I ; 2.6 X 10-4 mol L-I TI(m) and 9 

,x 10-4 mol L-1 TI(I). 

J~,Phys. Chern. Ref. Data, Vol. 24, No. 3,1995 
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TABLE 25. Rate constants for thallium transients - Continued 

No. Reaction k (L mor1 s-l) pH I t(°C) Method Comment Ref. 

25.9 Trichlorothallate(m ion 

25.9.1 Iron(Il) ion 

TICI3- + Fe2+ -+- TIC13
2- + Fe3+ <1 X 106 0 21 p.r. Calcd. from p.b.k. at 340 nm in solo. 761154 

contg. 1 mol L-1 HCI04, 1 x 10-4_1 mol 
L-I CI-I , 2.6 x 10-4 mol L-I TI(lm and 9 
x 10-4 mol L-1 TI(I). 

1.5 X 107 0 21 p.r. Calcd. from p.b.k. at 340 nm in solo. 761154 
contg. 1 mol L-1 HCI04, I x 10-4_1 mol 
L-1 crl , 2.6 x 10-4 mol L-1 Tt(III) and 9 
x 10-4 mol L -I TI(I). 

25.10 Tetrachlorothallate(ll) iOIl 

25.10.1 Iron(Il) ion 

TICli- + Fe2+ -+- TICI3
2- + FeCI2+ 1 x 108 0 21 p.r. Calcd. from p.h.k. at 340 nm in soln. 761154 

contg. 1 mol L-l HCI04, 1 x 10-4-1 mol 
L -I Cl-1, 2.6 X 10-4 mol L -1 TI(III) and 9 
x 10-4 mol L-1 TI(I). 

25.10.2 Tris(2,2' .bipyridine)ruthenium(lll} ion 

TICIl- + Ru(bpyh3+ -+- TICI4- + 2.9 X 1010 <0 3.0 f.p.loq P.b.k. at 452 run, in soln. contg. 82All1 
Ru(bpyh2+ Ru(bpyh2+, 3.0 mol L-1 HCl and 

TI(N03h (OQ). 

25.11 Thallium(m ions 

25.11.1 Thallium(lI) ions 

Tl(II) + TI(I1) -+- 2.7 x 109 0 23 p.r. D.k. at 300 nm in deaeratedsoln. contg. 741038 
0.001 mol L -I TI(I), 5 x 10-4 mol L-1 

TI(I1I), 0.001 mol L-1 cr and 1 mol L-1 

HCI04; k = 2.8 X 109,2.4 X 109 and 1.9 x 
109 L mol-I s-I in the presence of 9.7 x 
10-3,0.1 and 0.98 mol L-1 cr, 
respectively. In each case [H+] = 1 mol 
L-1 and 1= 1. 

J. Phvs. Chern. Ref. Data, Vol. 24, No.3. 1995 
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.No, Reaction 

:'~.1 .. Vanadyl(lll) ion 

26.1~1 Bydrogenion 

VO++w.~VOH2+ 

TABLE 26. Rate constants for vanadiwlltransients 

1;5 X 1010 3.8-
4.6 

teC) MethOd Comment Ref. 

25 p.r. Condy. changeinAr-satd.soln. contg.V02+86A152 
and 0.12 mol L-1 tert-BuOHorO;01-0.05 
molL-1 EtOH. For VOOH + H+ -+V(OHh +, 
k=35xlO lOLmorl s-I, Values obtained 
by computer fit . 

. 1 . Dh\lC! ~hAm AAf nata Unl "4· Nn ~:t 1 QQ~ 
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TABLE 27. Rate constants for tungsten transients 

No. Reaction pH I t(°C) Method Comment Ref. 

27.1 12-Thngstate ion(7 -), dihydrogen 

27.1.1 Oxygen 

H2W1204Q7- + °2 -+ * -90 

J. Phys. Chern. Ref. Data, Vol. 24, No.3, 1995 

p.r. D.k. in air-satd. or Orsatd. soln. 90A069 
contg. 0.01 mol L-1 H2 W 120406-; 

complex kinetics. 

* Calcd. from data reported by the 
authors. 
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• ~t'~.'Zinc(1) ion 

~I~~~i"- .. ~rst.Qrder r~~ction 
~(IJ 4Zn(ll) +eaq:-" 

"28a~'.Bydrogena:t()in . 

'Zn++H~ ·~·ZtiW 

~43'c · .. Hydroxyl 

zn++'OH'" 

~.~., HydroxymethyJ 

;:~\~+ +},CHiOH+H'"'7zn2++ 
MeOH . 

~5' 1.BydroXY';1~~ethylethyl· 

Zn+ + (CH3)~COR'f"W7"Zn2+ +, 
2-PrOH 

;~.6(;JlrbOri(diOXid.e r.adical aDion 

Zn+ + C02~-+ W ~Zn2++ He02 ~ 

l8.2~7', .2-Hydro:xy~2,2.dimet~yletll.r'. . 

'Zn++'C~2C(CH3)doH+~~Zn~+ 
. + tert-BliOH . . 

28.;2~8 Dromale ion' 

Zn++Br03-'~ 

28.2.9 .·.Chloratei«;ln 

zn+ + Cl03- ~ 

28.z~10 .. Cob8It(JIj ion 

Zn++Co2+ ~ 

TABLE~28;ltate.constaD.ts'forzmctransients 

. ·~t(°C)Method . Coinment . ····.··.Ref . 

12:14 p.r. 

3.5x 108 22 p.r. 

. . 9 . 1.9 x 10 22 p.r . 

-1.5 X 1010 18 p.r. 

25 p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

22 p.r . 

0.08 p.r. 

0.08 

0.08 

D.k;at 380 iUn in deaerated. som.Contg. 
tcrl-BuOH;ZnOan:d 1 to5 molL~l OW. 

81A195 

D.k.at 319iUninsoln.·contg. 0.01 mol L-1 771011 
.ZnS04i.n. tl1epres~~e()f 107 atm H2,or 
0.01-02 mol L-1 MeOfl,24>XOHor teTt-
BuOH .. Value 'obthlDed from computer fit . 

DJe. at 310 mn in soln. ~on~g.O.Olm()1 L -1.. 77!Oll 
Znso4 in the presen~ of 107atin H~' . 

. Value obtaine(f from computer ·fl.f;;; 

D¥.in soln;contg.Zil2+; vahle corrected 
tor E(Zn+)::; 12,800L'mor1 cm-1 

. [92A182]. 

66AOOl 

Estimated from d.k. at 300nm in Ar;.satd. 751027 
soln. contg. ZnSO.dn absence of "OH 

. scavenger'Staking:into ,account competing 
reactions such as Zrl.+ + Zn:, :?n+±H20 Z' 

~OH + • OHetc~; value 'corrected for .~~ +) 
~ 12,8OQ Lmor1 cm:-"I[92A182]. . . 

D.k. at310 nminsoln. Colltg. 0.2 mol L-1 771011. 
MeOH and 0.005 molL-1 ZnS04in' 
absence and presenCe of 0:02 atm. N20: 
Value obtained from comnuter tit. 

D.k. at 31 Onm: in GoIn. co:ntg;O.02~Ql L -1 .771011 
2-PrOH and·0.01 mo1L-1 ZnSo4 in 
presence~d absenc;e,ofHCI04• Value 
obtaiDed' from computer fit. . 

D.k.at 310 run in soln.~ontg.O.01 mol L-1 771011 
fonnateandO.092IQoIL-1 ZnS04' V~ue 
obtained from comptlterfit' , 

D.k. at 310 run in soln. contg. tert~BuOH 771011 
and ZnS04 •. Value obtained from computer 
fu. . .. 

D.k: at 313 run in soln. contg. O.02IIlol L~1 680855 
ZnS()4~ 0.001 iooli..- I MoOR and varied 
[Bx0

3
J' .' . . 

n:k at 313 nm in~oln. contg. 0.02 molL-1 li~GR55 
ZnS04~ 0.001 mol L -I MeOH and varied 
[CI03l. . 

D.k. at 313 run in soln. contg. 0.02 mol L":l 68G855 
Znso4, 0.001 mol L -1 MeOH and varied 
[C02i. -

.1 Dhu.c . ~hAm~ RAt Dam.: Vol. 24. No. 3.1995 
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TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction k (Lmol~l s-l) pH I t(°C) Method Comment Ref. 

28.2 Zinc(l) ion Continued 

28.2.11 Tris(2,2'.bipyridine)cobalt(ID) ion 

Zn+ + Co(bpYh3+ -+ Zn2+ + 2.6 x 109 p.r. D.k. in soln. contg. 0.05 mol L-1 Zn2+.0.1 7203)11 
Co(bpYh2+ mol L-1 tert-BuOH and 1 x 10-4 mol L-1 

Co(bpYh3+. 

28.2.12 Tris( ethylenediamine)cobalt(lll) ion 

Zn+ + Co(enh3+ -+ Zn2+ + Co(enh2+ 2.5 x 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol L-1 69042X 
ZnS04.0.001 mol L -1 MeOH and (0.5-3.0) 
x 10-4 mol L-1 complex. 

28.2.13 cis-Dichlorobis( ethylenediamine)cobalt(lll) ion 

Zn+ + c;s--Co(enhC12 + ..... Zn2+ + 1.9 x 109 56 0.08 p.r. D.k. at 350 nm in soln. contg. 0.02 mol L-1 69042X 
Co(enhC12 ZnS04. 0.001 mol L-1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.14 trans.Dichlorobis(ethylenediamine)cobalt(llI) ion 

Zn+ + trans-Co(enhCI2 + -+ Zn2+ + 2.3 x 109 5-6 0.08 p.r. O.k. at 350 nm in soln. contg. 0.02 mol L-1 690421\ 
Co(enhCl2 ZnS04, 0.001 mol L-1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.15 Carbonatobis( ethylenediamine )cobalt(lll) ion 

Zn+ + Co(enhC03 + -+ Zn2+ + 4.7 x 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
Co(enhC03 ZnS04. 0.001 mol L -I MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.16 cis-Bis(ethylenediamine)difluorocobalt(lll) ion 

Zn+ + cis-Co(en}zF2 + -+ Zn2+ + 5.4 x 108 5-6 0.08 p.r. D.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
cis-Co( en)zF2 ZnS04. 0.001 mol L -I MeOH and (0.5-3.0) 

x 1'0-'1 mol L -1 complex. 

28.2.17 Aquabis(ethylenediamine)fluorocobalt(lII) ion 

Zn+ + Co(enh(H20)p2+ -+ Zn2+ + 4.7 x 108 5-6 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
Co(en}z(H20)P ZnS04.0.001 mol L-1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.18 cis-Amminechlorobis( ethylenediamine)cobalt(lll) ion 

Zn+ + d\'-Cn(enh(NH;))n2+ -+ 7.n2+ L:ti x 109 :ti-fi OOR px_ nk_ at ~1O nm in snln_ cnntg. 0.02 mol L-1 690428 
+ cis-Co(enh(NH3)Cl+ ZnS04, 0.001 mol L -1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.19 cis-Nitroamminebis(ethylenediamine)cobalt(lll) ion 

Zn+ + cis-Co(en)z(NH3)NOl+ -+ 2.7 x 109 5-6 0.08 p.r. D.k. at 350 nm in soln. contg. 0.02 mol L-L 690428 
Zn2+ + cis-Co(en}z(NH3)N02 + ZnS04, 0.001 mol L -1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 

28.2.20 Hexaamminecobalt(ID) ion 

Zn+ + Co(NH3)l+ -+ Zn2+ + 
Co(NH3)62+ 

8.4 x 108 5-6 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol L-1 

ZnS04. 0.001 mol L-1 MeOH and (0.5-3.0) 
x 10-4 mol L-1 complex. 

690428 

28.2.21 Pentaammine(bromo )cobalt(lll) ion 

Zn+ + Co(NH3>SB~+ -+ Zn2+ + 2.6 x 109 4.0 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
Co(NH3)sBr'i- ZnS04' 0.001 mol L-1 MeOH and (0.5-

3.0) x 10-4 mol L-1 complex. 

28.2.22 Pentaammine( chi oro )cobalt(lII) ion 

Zn+ + Co(NH3)sCI2+ -+ Zn2+ + 2.2 x 109 5-6 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
Co(NH3>SCl+ ZnS04,0.001 mol L-1 MeOH and (0.5-3.0) 

x 10-4 mol L -1 complex. 

28.2.23 Pentaammine( cyano )cobaJt(ID) ion 

Zn+ + Co(NHJ MCN)2+ -+ Zn2+ + 1.3 x 109 5-6 0.08 p.r. O.k. at 310 nm in soln. contg. 0.02 mol L-1 690428 
Co(NH3)s(CNt ZnS04. 0.001 mol L-1 MeOH and (0.5-3.0) 

x 10-4 mol L-1 complex. 
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TABLE 28. Rate constants for zinc transients - Continued 

Reaction pH I Ref. 

.~~.--------------------------------------------------------------------------------------~--------
'~Z Zinc(1) ion - Continued 

18.2.24 Pentaammine(fluoro )cobalt(lD) ion 

Zn+ + Co(NH3)sF2+ ~ Zn2+ + 8.2 x 108 

Co(NH3>"F'" 

28.2.25 Pentaammine(fumarato )cobalt(llI) ion 

Zn+ + Co(NH3)sfumarate+ ~ Zn2+ + 1.2 X 109 5-6 0.08 
Co(NH3)sfumarate 

28.2.26 Pentaammine(aqua}cobalt(lll) ion 

Zn + + Co(NH3)S(H20)3+ ~ Zn2+ + 1.6 x 109 

Co(NH3}s(H20)2+ 
4.0 0.08 

28.2.27 Pentaammine(bydroxy)cobaltCDD ion 

Zn+ + CO(NH3)sOH2+ -+ Zn2+ + 1.1 x 109 6.6 0.08 
Co(NH3)sOH+ 

28.2.28 Pentaammine(azido)cobalt(ID) ion 

Zn+ + Co(NH3)s(N3)2+ ~ Z02+ + 1.5 X 109 5-6 0.08 
Co(NH3)s(N3t 

28.2.29 Pentaammine(thiocyanato-N)cobalt(Dl) ioo 

Zn+ + Co(NH3)s(NCS)2+ ~ Zn2+ + 1.7 x 109 5-6 0.08 
Co(NH3h(NCSt 

28.2.30 (Acetato )peotaammioecobalt(ID) ion 

Zn+ + Co(NH3h(OAc)2+ ~ Zn2+ + 5.0 x 108 5-6 0.08 
O?(NII3)S(OAc)+ 

28.2.31 Bexaamminebis{J.l-bydroXY)-J.l-(trifluoroacetato)dicobalt(lII) ion 

Zn+ + CF3C02 [Co(NH3)3h(OHh3+ 
~ 

1.2 X 109 

28.2.32 Bexaammioe-Il-( difluoroacetato )bis{J.l-bydroxy)dicobalt(lD) ioo 

Zn+ + CHF2C02[CO(NH3)3h(OHh3+ 1.0 X 109 

~ 

~8.2.33 Bexaammioe-Il-(lluoroacetato )bis{J.L-bydroxy)dicobaJt(lll) ioo 

Zn+ + CH2FC02[Co(NH3hh<0Hh3+ 7.6 X 108 

~ 

28.2.34 Il-Acetatobexaammioebis{J.t-hydroxy)dicobalt(lD) ioo 

Zn+ + CH3C02[CO(NH3hh<OHh3+ 5.5 X 108 

28.2.35 Tris(2,2'-bipyridine)chromium(ID) ion 

Zn+ + Cr(bpYh3+ ~ Zn2+ + 
Cr(bpYh2+ 

28.2.36 Tris(l,lO-pbenanthroline)chromium(lll) ion 

Zn+ + Cr(phenh3+ ~ Zn2+ + 1.7 x 109 

Cr(pheoh2+ 

28.2.37 Bis(2,2' -bipyridine)oxalatochromium(Ill)ion 

Zn+ + Cr(bpY)2(C20 4)+ ~ Zn2+ + 2.2 X 109 

Cr(bpYh(~04) 

-7 

-7 

-7 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

23 p.r. 

23 p.r. 

23 p.r. 

O.k. at 310 run in soln. contg. 0.02 mol L-1 690428 
Zn~04' OJlot mol L-l MeOH :Inri «()~-1 0) 
x 10-4 mol L-1 complex. 

O.k. at310 run in soln. contg. 0.02 mol L-1 690428 
ZOS04. 0.001 mol L -I MeOH and (0.5-3.0) 
x 10-4 mol L-1 complex. 

D.k. at 310 run in soln. contg. 0.02 mol L-1 690428 
ZnS04. 0.001 mol L -I MeOH and (0.5-3.0) 
x 10-4 mol L-1 complex. 

D.k. at 310 run in soln. contg. 0.02 mol L-1 690428 
ZnS04. 0.001 mol L -1 MeOH and (0.5-3.0) 
x 10-4 moJ L -1 compJex. 

D.k. at 350 om in soln. contg. 0.02 mol L-1 690428 
ZnS04. 0.001 mol L -1 MeOH and (0.5-3.0) 
>\ 10-4 mol L -1 complex. 

D.k. at 350 nm in soln. contg. 0.02 mol L -I 690428 
ZnS04. 0.001 mol L -I MeOH and (0.5-3.0) 
x 10-4 mol L-1complex. 

O.k. at 310 run in so1n. contg. 0.02 mol L-1 690428 
ZnS04. 0.001 mol L -1 McOH and (0.5-3.0) 
X 10-4 mol L-1 complex. 

D.k. in ANlatd. ~oln. contg. 0.1 mol L-1 

ZnS04 and 0.1 mo) L-1 teTt-BuOH. 

D.k. in Ar-satd. solo. contg. 0.1 mol L-1 

ZnS04 and 0.1 mol L -I tert-BuOH. 

D.k. in Ar-satd. soln. contg. 0.1 mol L-1 

ZnS04 and 0.1 mol L -I tert-BuOH. 

D.k. in Ar-satd. solo. contg. 0.1 mol L-1 

ZnS04 and 0.1 mol L-1 tcrt-BuOH. 

R3A140 

83A140 

83AI40 

83Al40 

D.k. at 310 run in soln. contg. 0.1 mol L-1 87A309 
tert·BuOH. 0.01 mol L -1 ZnS04 and varied 
[Cr(bpyh 3+1. 

O.k. at 310 run in soln. contg. 0.1 mol L-1 87A309 
tert-BuOH,O.Ol mol L -I ZnS04 and varied 
[Cr(pbenh 3+]. 

D.k. at 310 nm in solo. contg. 0.1 mol L-1 87A309 
tert-BuOH.O.01 mol L -I ZnS04 and varied 
[Cr(bpyh(C20 4)+]· 
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TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction k (L mor:1 s-l) pH I t(oq Method Comment Ref. 

28.2 Zinc(1) ion - Continued 

28.2.38 Bis(I,IO-phenanthroline)( oxalato )chromium(lll) ion 

Zn+ + Cr(phenh(C20 4)+ ~ Zn2+ + 2.1 x 109 -7 23 p.r. D.k. at 310 om in soln. contg. 0.1 mol L-1 87A3()1) 

Cr(phenh(C204) tert-BuOH,O.OI mol L-1 ZnS04 and varied 
[Cr(phenh(C20 4)+]· 

28.2.39 2,2' -Bipyridinebis( oxalato )chromate(lll) ion 

Zn+ + Cr(bpy)(C20 4h - ~ Zn2+ + 2.2 x 109 -7 23 p.r. D.k. at 310 nm in solo. contg. 0.1 mol L-1 87A3(]'I 
Cr(bpy)(C20 4h 2- tert-BuOH, 0.01 mol L-1 z.nS04 and varied 

[Cr(bpy)(C20 4h -]. 

28.2.40 Bis( oxalato )phenanthrolinechromate(llI) ion 

Zn+ + Cr(phen)(C20 4h- ~ Zn2+ + 2.2 x 109 -7 23 p.r. D.k. at 310 nm in soln. contg. 0.1 mol L-1 87A3()IJ 
Cr(phen)(CzO 4h 2- tert-BuOH,O.01 mol L-1 ZnS04 and varied 

[Cr(phen)(CZ0 4h-]· 
28.2.41 Dichromotc(VI) ion 

Zn+ + Cr20l- ~ 1.6 x 1010 0.02 25 p.r. D.k. in soln. contg. 0.01 mol L-1 ZnS04' 761072 

28.2.42 Copper(ll) ion 

Zn"" .... Cu'''" ~ 2.:5 X 108 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol L-1 68G85) 

ZnS04, 0.001 mol L-1 MeOH and varied 
[Cu2+]. 

28.2.43 Hydrogen peroxide 

Zn+ + H20z ~ Zn2+ + OW + 'OH 2.5 x 109 22 p.r. D.k. at 310 nm in soln. contg. 0.02 mol L-I 771011 
2-PrOH, 6.8 or 18.3 x 10-5 mol L-1 H20z 
and 0.01 mol L-I ZnS04. 

2.3 X 109 25 p.r. O.k. in soln. contg. ZnS04; Ea = 10.5 kJ 761072 
mol-I. 

1.8 x 109 p.r. D.k. at 313 om in soln. contg. 0.02 mol L-1 68G855 
ZnS04 and 0.001 mol L -1 MeOH. 

28.2.44 Hydrogen ion 

Zn++H+~ ~106 0.08 p.r. D.k.at 313 nm in soln. contg. 0.02 mol L-I 68G855 
ZnS04,0.001 mol L-1 MeOH and varied 
[H+]. 

28.2.45 Iodate ion 

Zn+ + 103- ~ 3.6 X 109 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol L-1 68G855 
ZnS04' 0.001 mol L-1 MeOH and varied 
[103l. 

28.2.46 Hydroxymanganese(llI) ion 

Zn+ + MnOnz+ -+ Zn2+ + Mnz+ + 2.4 x 109 ·-6 23 p.r. D.k. nt 310 nm in soln. contg. 0.02 mol L-1 ?gA04) 

OW MnS04 and 0.03 mol L-1 ZnS04' Value 
obtained from computer fit. 

28.2.47 Bis(fl-oxo)( ethylenediaminetetraacetato )bis[ oxomolybdate(V)] ion 

Zn+ + [M020 4(EDTA)f- ~ Zn2+ + 5.0x 109 6 25 p.r. D.k. at 320 nm in soln. contg. 1 x 10-4 mol 85A363 
[M020iEDTA)]3- L-I complex, 0.1 mol L-I ZnS04 and 0.1 

mol L-I tert-BuOH. 

28.2.48 Bis{f..L-oxo )bis[( cysteinato )oxomolybdate(V)] ion 

Zn+ + [M020 i Cysh]2- ~ Zn2+ + 4.5 x 109 6 25 p.r. O.k. at 320 nm in soln. contg. 1 x 10-4 mol 85A363 

[M02OiCysh]3- L-I complex, 0.1 mol L-I ZnS04 and 0.1 
mol L-I tert-BuOH. 

28.2.49 Nitrite ion 

Zn+ +N02--+ 2.2 x 109 0.08 p.r. D.k. at 313 nm in soln. contg. 0.02 mol L-I 68G855 
ZnS04, 0.001 mol L-1 MeOH and varied 
[N02-]· 
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TABLE 28; Rate constants 'for zinc 'transientS ' ~';Continued 

,iiSiz,;Zinc(i).ioll -Contin1led 

'~.250Nitrilie ion 

, Zn++NO,-~ 

~~F NitrousoXiae ' 

:Zri++N20 ~,Zno~,+ N2 

c28.252 'Nickel(ll) ion 

zri++Ni2+ ,~ 

28~;,s3 Oxygen 

i zn+ .... O2 -..Zn2+ .... 0 2·-

~~.254 ' Lead(D)~ioIis 

.', Zn+ + Pb,2+-+ Zn2
+ +'Pb' 

2.1 X 109 

4:O-x 108 

:~.2.ss Trls(2,2'-bipyridine)ruthenlum(U) ion 

~zn++ Ru(bpYh2+,~:i.l~+ 'i.6 x 109 ' 5.2 
Ru(bpyhfo ,>, ",' , ' 

1.5x 109 6-7 

28.2.,56, HexaamminerotbeDium(Ill) ion 

:'Zn+ +Ru~3)~3+ -+Zil2+ +2.2 X 109 

Ru(NH3)i+ .~" ,', ",;', 

:~~.57; ',PeroxOttisuifate ibn 

Zn+ + S2082- ~ Zn2++S04·-+ " sol-: ',' ," , ',' ,:' 
~;;2.58 Acetone 

~+ +CH3COCH3 -+ 

, 23.2.59 Allyl alcohol 

.. ,,' Zn+ + H2C--CHCH20H -+ 

" [Zn(CH2CHCH20H)r 

28.2.60 ,Benzopbenone 

zn+ .... <Cs,HshCO __ Zn2+ .... 
(C6Hs)2CO-

28.2.61 ,1,4-BenzOquinoDe 

Zn+ +Q ~ Zn2++ Q.-

2.5 X 109 

5.7 

;; 'teC) r Method ,Comment Ref. 

0.08 p.r. 

22 p.r. 

p.r. 

0.08 p.r. 

p.r. 

18 p.r. 

18 p;r; 

24 p.r. 

24' f.pJpi 

p.r. 

0.08 p.r. 

, 0.02 25 p.r. 

22 ,p.r. 

25 p.r. 

p.r. 

25 p.r. 

D.k; at 313 nnl in sOlri.contg. 0])2inol L-1' 68G855 
ZnS04' 0.001 mol L~1 MeOH and varied 
• [N 03-]' 

, " 

D.k at310nmfu soln. satd.with030r1.0 ThOll 
attn NzO, contg. 0.1 morL ~1 tert""BuOP 
and 0.1 mol L-:1,ZnS04. 

Studied at 1-30°C, Ea = 35:5 kJmorl. 761072 

D.k. at 313 om in soln.' cootg.6.oo mol L -1 680855 
Zns04, O.OOlmolL-1 MeOHand varied 
[Ni2+]. ' " 

D.k. at 313 om in soln. contg. 0.00 mol C-l 68G855 
Zns04~0.OOl mol L~l MeOHand varied; 

,[()2]' 

D.t. in soln. contg. Zn2+. 66AOOl 

D.k. in solo. cootg. Zn2+. 66AOOI 

P.b.k. at 510nni iit deaerate<holn. contgA 
x 10-5 mol L-1 Ru(bpYh2+.O.05molL-1 

ZnS04andO.017 mol L -I tert-BuOH. 

78A001 

'P.bJcat510 mil insoln;contg. (9.0;'27) x 771093 
10:-6 mol,L~l Ru(bpYh~+and (1.3":10)x 
10-:-3 molL-1 ZnS04· 

P.b.k. in soln. contg. 0,05 m()l L-1 Zn2+,'1.0 720381 
mol L-'l tert-BuOHand5.0 x 10-5 mol L-I 

, Ru(bpy)l"· 

D.k.io soln. contg.O.02 mol L-1 Zns04 . 701229 
and (0.5-6.0) x 10-4 mol L...,1 RU(NH3)63+. 

D.k. in so]n.'coritg. O.Olrno] V-1 znS04 
and (0.5-10) x 10-4 moIVo ·S20 8

2-. 
761072 

~cay at ~ 10 run was unaffected by 771011 
presence of3 x l(r,;-4rnoIL~1 acetone in 
soIn. contg;. O.lmoll~"'l znSOA and 0.025 
mol L-I MeOH. 

D.k. in soln. contg.0.01 mol L -1 ZnS04 • 
124 mo] L -1 MeoHand 12 x 1 O~3 mol 
L -1 allyl alcohoL 

P.b.k: in ~oln. contg. 5 xlO-:-3 molL-1 

ZoS04,-1.0 mol L-1 lert-BuOH and 5 x 
10 .... 5 mol L-:l benzophenone. ' . 

761072 

751032 

P.b.k. at 430 om in soln.contg. Zn2+ and 1 761134 
mol L -1 tert-BuOH. 
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TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction pH I WC) Method Comment Ref. 

28.2 Zinc(1) ion - Continued 

28.2.61 1,4.Benzoquinone - Continued 

28.2.62 2-Methyl-l,4-naphthoquinone 

Zn+ + 2-CH3NQ ~ Zn2+ + 
[2-CH3NQr-

3.8 x 109 

28.3 1,4,8,11-Tetrazacyclotetradecanezinc(1) ion 

28.3.1 Nitrous oxide 

Zn(cyclamt + N20 ~ 6.4 x 107 

7.0 p.r. 

7.1 p.r. 

5-7 23 p.r. 

28.4 Tetrakis-4-(N,N ,N-trimethylammonio )phenylporphinezinc(II) radical anion 

28.4.1 Dihydroxytetrakis(4-sulfonatophenyl)porphinatocobaltate(ll) ion 

[ZnTAPpr3+ + CoTPPS(OHh 6- ~ 3.8 x 108 13 p.r. 

28.4.2 Dihydroxytetrakis[4-(N,N,N-trimethylammonio)phenyl]porphinecobalt(ll) ion 

(ZnTApp]'3+ + CoTAPP(OHh2+ ~ 5.4 x 108 13 p.r. 

28.4.3 Dihydroxytetrakis(l-methylpyridiniwn-4-yl)porphinecobalt(lI) ion 

[ZnTAPP],3+ + CoTMpyP(OHh2+ ~ 4.9 x 108 13 p.r. 

28.5 5,10,15,20-Tetrakis(l-methylpyridinium-4. yl)porphinezinc(II) radical anion 
28.5.1 Dihydroxytetrakis(4-suJfonatophenyJ)porphinatocobaltate(Il) ion 

[ZnTMpypr3++CoTPPS(OHh6-~ 1.1 x 109 13 p.r. 

28.5.2 Dihydroxytetrakis[ 4-(N,N,N-trimethylammonio )phenyl]porphinecobalt(lI) ion 

[ZnTMpypr3+ + CoTAPP(OHh2+ ~ 1.6 x 108 13 p.r. 

28.5.3 Dihydroxytetrakis(l-methylpyridinium-4-yl)porphinecobalt(ll) ion 

rZnTMpypr 3+ + CoTMpyP(OHh2+ 4.0 x 108 13 
~ 

28.5.4 Sulfur dioxide 

[ZnTMpypr3T + S02 ~ ZnTMpyp4T 
+ S02'-

p.r. 

p.r. 

28.6 5,10,15,20· Tetrakis( 4-sulfonatophenyl)porphinatozincate(II) radic~ anion 

28.6.1 Dihydroxytetrakis(4-sulfonatophenyl)porphinatocobaltate(lI) ion 

[ZnTPPSr5- + CoTPPS(OHh 6- ~ 2.0 x 107 13 p.r. 

P.b.k. in soln. contg. 5 x 10-3 mol L-1 

ZnS04, -1.0 mol L-1 fert-BuOH and 5 x 
10-5 mol L-1 l,4-benzoquinone. 

751032 

P.b.k. in soln. contg. 0.005 mol L-~ Zn2+, 751032 
-1.0 mol L-1 tert-BuOH and 5 x 10-5 mol 731047 
L -1 2-CH3-NQ. 

O.k. in 0-30% N20-satd. soln. contg. 1.7 80A380 
mol L-1 tert-BuOH and 0.09 mol L-1 

Zn( cyclam)2+ . 

D.k. at 700-740 nm in Nr or N20-satd. 
soln. contg. 0.1 mol L -I 2-OOH and 
varied rCo(III} complexl. 

D.k. at 700-740 nm in Nr or N20-satd. 
soln. contg. 0.1 mol L -I 2-OOH and 
varied [Co(III) complex]. 

O.k. at 700-740 nm in Nr or N20-satd. 
soln. contg. 0.1 mol L -1 2-OOH and 
varied [Co(III) complex]. 

D.k. at 700-740 nm in N2- or N20-satd. 
soln. contg. 0.1 mol L-1 2-OOH and 
vwicd [Co(III) complex]. 

O.k. at 700-740 nm in Nr or N20-satd. 
soln. contg. 0.1 mol L-1 2-PrOH and 
varied [Co(III) complex]. 

D.k. at 700-740 nm in N,- or N~O-satd. 
soln. contg. 0.1 mol L-1 2-OOH and 
varied [Co(III) complex]. 

81A317 

81A317 

8.1A317 

81A317 

81A317 

81A317 

O.k. at 700 nm in N2-satd. soln. contg. 8~1 A083 

NaHS03• ZnTMpyp4+ and 0.1 mol L-1 HCI 
or HCI04• 

O.k. at 700-740 om in Nr orN20-satd. 
soln. contg. U.1 mol L-- 1 2-PrOH and 
varied [Co (III) complex], 

81A317 
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TABLE 28. Rate constants for zinc transients ~ Continued 

Reaction teC) Method Comment 

!H (, -;,lO,15,20.Tetrakis(4-sulfonatophenyl)porphinatozincate(m radical anion - Continued 

1!t6.2 Dihydroxytetrakis[4-(N,N,N-trimethylammonio)phenyl]porphinecobalt(ll) ion 

fZnTPPSrS- + CoTAPP(OHh2+ -l' 5.5 X 108 13 p.r. 

2N.6.3 Dihydroxytetrakis(l-methylpyridinium-4-yl)porphinecobalt(ll) ion 

[ZnTPPS],S- + CoTMpyP(OHh2+ -l' 1.4 X 109 13 

2N.6.4 Ferricyanide ion 

[ZnTPPSr5- + Fe(CN)63--l' 
ZnTPPS4- + Fe(CN)64-

7 0.5 

p.r. 

f.pJpi 

D.k. at 700-740 nm in Nr or N20-satd. 
soln. contg. 0.1 mol L-1 2-PIOH and 
varied [Co(lII) complex]. 

D.k. at 700~740 nm in Nz- or NzO-satd. 
soln. contg. 0.1 mol L-1 2-PrOH and 
varied [Co(I1I) complex]. 

D.k. at 650 nm in soln. contg. 2 x 10-3 

mol L-1 Fe(CN)64-, S.o X 10-5 mol L-1 

- ZnTPPS4- and 0.5 mol L-1 NaCl. 

1.H.7 5,10,15,20·Teb~akb[1-(3·5Ulfonatopropyl)pyridinium.4.yI]porphinatozinc(ll) radical anion 

2M.7.1 5,10,15,20-Tetrakis[1-(3-sulfonatopropyl)pyridinium-4-yl]porphinatozinc(l1) radical anion 

1257 

Ref. 

81A317 

81A317 

87A200 
86A265 

[ZnTZPr- + [ZnTZP]'- -l' 4.1 x 106 6.8 p.r. D.k. at 620 nm in soln. contg. ZnTZP and 83C026 
0.1 mol L-1 2-PrOH: di5:pmportionation 

!x.s Tetrakis-N-methyl.2,3-pyridinoporphyrazinezinc(ll) radical anion 

28.S.1 Tetrakis-N-methyl-2,3-pyridinoporphyrazinezinc(ll) radical anion 

[ZnTMPzr3+ + [ZnTMPz],3+ -l' 1.7 X 109 7 
ZnTMPz4+ + ZnTMPz2+ 

2X.9 'frisulfophthalocyaninezincate(m radical anion 

28.9.1 Oxygen 

[ZnPCSr4- + O2 -l' ZnPCS3- + 02'- 4.6 X 108 

2X.10 Nitrilotriacetatozinc(m, H-abstraction product 
28.10.1 First-order reaction 

* A -l' 4.0 x 103 s-l 
7 X 102 S-1 

8 X 102 s-1 

28.10.2 Nitrilotriacetatozinc(lI), H-abstraction product 

* B + B -l' 1.9 X 108 

1.3 X 107 

0.8 X 107 

28.10.3 Oxygen 

[ZnNTA-Hr- + O2 -l' 1.5 X 108 

3.4 x 108 

7 

4.0 
7.0 
9.0 

4.0 
5.0 
7.0 

4.0 
9.0 

28.11 Ethylenediaminetetraacetatozinc(D), H-abstraction product 

28.11.1 First-order reaction 

* C-l' 4,5,7,9 

28.11.2 Ethylenediaminetetraacetatozinc(II), H-abstraction product 

*D+D-l' 0.5 x 107 4.0 
1.2 X 106 5.0 
1.6 X 106 7.0 
LOx 106 9.0 

p.r. 

f.pJrq 

22 p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

22 p.r. 

reaction. 

D.k. at 550 nm in N20-satd. phosphate 
buffered solo. contg. 10% 2-PrOH (v:v). 

86B153 

D.k. in aerated soln. contg. [ZnPCS]3- aod 90A022 
4-aminophenol (RQ). 

D.k. in NzO-satd. soln. contg. Zn(NTA)-. 
* Species A suggested to have site of Hw 
abstraction different from Species B. 

D.k. io NzO-satd. soln. contg. Zn(NTAr. 
* Species B suggested to have site of H
abstraction different from Species A. 

D.k. in N20l02 satd. soln. contg. 
Zn(NTA)-. 

78A436 

78A436 

78A436 

D.k. in N20-satd. solo. contg. Zo(EDTA)z-. 78A436 
* Species C suggested to have site of H-
abstraction different from Species D. 

D.k. in N20-satd. soln. contg. Zn(EDTAi-. 78A436 
* Species D suggested to have site of H-
abstraction different from Species C. 
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TABLE 28. Rate constants for zinc transients Continued 

No. Reaction pH I teq Method Comment Ref. 

28.11 Ethylenediaminetetraacetatozinc(ll), H-abstraction product - Continued 

28.11.3 Oxygen 

[ZnEDTA-Hrz- + O2 ~ 2.3 X 108 

4.0 X 108 
4.0 
9.0 

22 p.r. 

28.12 5,10,15,20. Tetrakis(1-methylpyridinium-3-yl)porphinatozinc(ll), H-adduct 
28.12.1 First-order reaction 

[Zn(3-TMpyP.H)]"4+ -+- 3-10 p.r. 

28.13 5,10,15,20. Tetrakis(1-methylpyridinium-3-yl)porphinatozinc(ll) radical cation 

28.13.1 5,10,15,20-Tetrakis(l-methylpyridinium-3-yl)porpbinatozinc(II) radical cation 

[Zn(3-TMpyp)rs+ + -1.5 X 107 4-9 p.r. 
[Zn(3-TMpyp)rS+ ~ -1.3 x 108 11 

3.7 X 107 2 0.01 f.p.loq 

28.13.2 Iron(II) ion 

[Zn(3-TMpyp)rs+ + Fe2+ -+- 1.2 x 108 

Zn(3-TMpyp)4+ + Fe3+ 
2 0.01 f.p./oq 

28.13.3 Ferrocyanide ion 

[Zn(3-TMpyp)rS+ + Fe(CN)64- -+-

Zo(3-TMpyp)4+ + Fe(CN)63-

3.2 X 109 11 0.01 

28.14 5,10,15,20-Tetrakis(l-methylpyridinium-4-yl)porphinatozinc(ll) radical cation 

28.14.1 5,10,15,20-Tetrakis(l-methylpyridinium-4-yl)porphinatozinc(II) radical cation 

[ZoTMpyprs+ + [ZnTMpyprs+ -+- 3.2 x 109 7.0 4.4- p.r. 
32.4 x 

3.2 X 109 

9.7 X 107 

5.0x 108 

7.0 X 108 

9.0 X 108 

6x 108 

1.5 X 107 

7.0 

3.2 

3.2-7 
9.0 
11.0 
12.0 

7 

7 

4.0 

10-3 

p.r. 

0.1 p.r. 

p.r .. 

p.r. 

p.r. 

p.r. 

D.k. io N20/02 satd. solo. contg. 
Zn(EDTA)2-. 

D.k. at 470 om io NzO-satd. solo. contg. 
Zn(3-TMpyp)4+ and 0.01 mol L -1 KBr. 

O.k. at 700 nm in NzO-satd. solo. contg. 
Zn(3-TMpyp)4+ and 0.01 mol L-1 KBr; 
values taken from graph of k vs pH. 

D.k. at 700 nm in soln. contg. Zn(3-
TMpyp)4+ and 520 8

Z- (OQ). 

O.k. at 700 om in soln. contg. Zo(3-
TMpyp)4+ and Fe3+ (OQ) and Fez+. 

86A24 \ 

86A24.1 

86A24:~ 

86A24J 

O.k. at 700 om in NzO-satd. soln. contg. 88A277 
ZnTMpyp4+, 2.0 x 10-3 mol L-1 N3 - and 2 
x 10-4 mol L-1 phosphate buffer; k = 4.2 X 

109 and 1.1 x 1010 L mol-1 S-1 in the 
presence of 5 )( 10-3 and 3.0)( 10-Z mol 
L-1 N3-. respectively. Decay involves 
complexes of the radical cation with azide. 

O.k. at 700 nm in N20-satd. soln. contg. 85A03R 
ZnTMpyp4· and N3-' Decay invulves 

complexes of the radical cation with azide. 

D.k. at 700 om in NzO-satd. soln. contg. 85A038 
ZnTMpyp4+ and 0.1 mol L-1 NaC)' Decay 
involves complexes of the radical cation 
with chloride. 

O.k. at 700 nm in N20-satd. soln. contg. 85A038 
ZnTMpyp4+ and 0.01 mol L -1 KBr. Oecay 
involves complexes of the radical cation 
with bromide. 

O.k. at 700 nm in N20-satd. soln. contg. 85A038 
ZnTMpyp4· am.I sew. Decay involves 
complexes of the radical cation with 
thiocyanate. 

D.k. at 700 nm in N20-satd. soln. contg. 85A038 
10-4 mol L-1 ZnTMpyp4+,O.Ol mol L-1 

KBr and 0.1 % v/v pyridine. Decay 
involves a complex of the radical cation 
with pyridine. 

O.k. at 700 nm in N20-satd. soln. contg. 85A038 
ZnTMpyp4+ and Ag+; k = 1.8 X 107 L 
mol-1 s-1 in the presence of Tl+. 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1259 

TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction pH I t(°C) Method Comment Ref. 

28.14 5,lO,15,20-Tetrakis(1-methylpyridinium-4-yl)porphinatozine(m radical cation - Continued 

28.14.2 Etbylenediaminetetraacetatocobaltate(I1) ion 

[ZnTMpypr5+ + CoEDTA2- --+ -2.2 X 109 

ZnTMpyp4+ + CoEDTA -

28.14.3 5,10,15,20· Tetrakis( 4-sulfonatophenyl)porpbinatocobaltate(Il} ion 

[ZnTMpypr5+ + CoTPPS4- --+ 2.8 X 109 7 

28.14.4 Iron(Il) ion 

[ZnTMpypr54- + Fe:l4- -+ zuTMpypM
+Fe3+ 

2.5 0.1 

28.14.5 1,1'-Bis(2-sulfonatoethyl)-4,4'-bipyridiniwn radical anion 

[ZnTMpypr5+ + [SEVr- --+ . 8.3 X 109 6.5 
ZnTMp.yp4+ + SEV 

28.14.6 1,1'-Bis(3-sulfonatopropyl)4,4'-bipyridinium radical anion 

[ZnTMpyp],5+ + [SPVr- --+ 3.5 x 109 

ZnTMpyp4+ + Spy 

2x 1O~ 

20 

28.14.7 1,1'.Bis[3-(trimetbylammonio)propyl]-4,4'-bipyridinium radical cation 

f.p./oq 

p.r. 

f.p.loq 

f.pJoq 

f.pJoq 

f.p.loq 

D.k. at 700 nm in Ar-satd. soln. contg. 85A430 
ZnTMpyp4+ and CoEDTA - (OQ). 

D.k. at 700 nm in N20-satd. soln. contg. 81A317 
0.1 mol L-1 bromide ion and varied [Co(II) 
complex]. 

Soln. comg. znTMpyp4 .... Fe3
4- (OQ) and 82A321 

0.1 mol L-1 NaCl. 

D.k. in soln. contg. ZnTMpyp4+, SEV (OQ) 89A362 
and 0.04 mol L-1 phosphate buffer. 

D.k. at 700 nm in soln. cont~ 3 x 10-5 mol 86N075 
L-1 ZnTMpyp4+ and 1 x 10- mol L-1 Spy 
(OQ). 

D.k. at 395 nm in soln. contg. ZnTMpyp4+ 84N212 
and Spy (OQ). 

[ZnTMpypr5+ + [APVr3+ --+ 3.3 x 108 6.5 20 f.pJoq D.k. in soln. contg. ZnTMpyp4+, APV4+ 
(OQ) and 0.04 mol L-1 phosphate buffer. 

89A362 
ZnTMoyp4+ + APV4+ 

28.14.8 1,1'.Dimetbyl.4,4'.bipyridinium radical cation 

[ZnTMpypr5+ + MV'+ --+ 2.0 X 109 

ZnTMpyp4+ + MV2+ 

1.2 X 109 

5.0x 108 

3.9 X 108 

1.3 x 108 

4x 108 

28.14.9 1,1'-Dipropyl.4,4'-bipyridinium radical cation 

[ZnTMpypr5+ + [C3 Vr+ --+ 3 x 108 

ZnTMpyp4+ + C3 V
2+ 

28.14.10 1,1'.Dihexyl-4,4'-bipyridinium radical cation 

[ZnTMpypr5+ + [C6 V)'+ --+ 4 X 108 

ZnTMpyp4+ + C6 V
2+ 

28.14.11 ·1,1'-Diheptyl-4,4'-bipyridinium radical cation 

[ZnTMpyp],5+ + [C7 Vr+ --+ 8.4 x 108 

ZnTMpyp4+ + C, V2+ 

28.14.12 1,1'.Dioctyl.4,4'·bipyridinium radical cation 

[ZnTMpyp]'5+ + [CsV)'+ --+ 6 X 108 

ZnTMpyp4+ + Cg V2+ 

28.14.13 l,l'-Didod"'l"yl-4.4'-hipyridininm radiNlll"Jltinn 

[ZnTMpyp],5+ + [Cn Vr+ --+ 3 x 108 

ZnTMpyp4+ + Cl2 V
2+ 

6.5 20 

0.03 
0.015 
0.006 
--+0 

4.7 0.1 

5.0 0.05 

f.pJoq 

f.p.loq 

f.pJoq 

f.p.loq 

D.k. in soln. contg. ZnTMpyp4+. MV2+ 89A362 
(OQ) and 0.04 mol L-1 phosphate buffer. 

D.k. at 390, 605 and 700 nm in Ar-satd. 84A264 
soln. contg. 0.01 mol L-1 ZnTMpyp4+ and 
(2-10) x 10-3 mol L-1 M\72+ (OQ). 

D.k. at 395 nm in soln. contg. ZnTMpyp4+ 84N212 
and MV2+ (OQ). 

D.k. at 605 and 705 nm in soln. contg. 
ZnTMpyp4+ and 0.015 mol L -1 MV2+ 
(OQ). 

82N168 

f.pJoq D.k. in soln. contg. ZnTMpyp4+ and MV2+ 81F164 
(OQ). 

f.p./oq D.k. at 395 nm in soln. contg. Zi:ITMpyp4+ 84N212 
and C3 V

2+ (OQ). 

f.pJoq D.k. at 395 nm in soln. contg. ZnTMpyp4+ 84N212 
and C6 V2+ (OQ). 

f.p/oq D.k. at 700 nm in soln. contg. ZnTMpyp4+ 85A430 
and 3 x 10-3 mol L -1 C7 V

2+ (OQ). 

f.pJoq D.k. at 395 nm in soln. contg. ZnTMpyp4+ 
and Cg V2+ (OQ). 

84N212 

f.p.loq D.k. at 395 nm in soln. contg. ZnTMpyp4+ 84N212 
and Cn V2+ (OQ). 
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TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction pH I t(°C) Method Comment Ref. 

28.14 5,10,15,20-Tetrakis(1-methylpyridinium-4-yl)porphinatozinc(II) radical cation - Continued 

28.14.14 I-Dodecyl-l'-methyl-4,4'-bipyridinium radical cation 

[ZnTMpypr5+ + [CI2MVr+ ~ 6 x 108 

ZnTMpyp4+ + C12MV2+ 

23.14.15 Ethylenediamlnetetraacetate ions 

[ZnTMpypr5+ + EDTA ~ * 1.9 X 107 

ZnTMpyp4+ + [EDTAoxr 

* 2.7 X 106 5.0 0.05 

28.14.16 I-Methyl-l'-tetradecyl-4,4'-bipyridinium radical cation 

[ZnTMpypr5+ + [CI4MVr+ ~ 5 x 109 

ZnTMpyp4+ + CI4MV2+ 

28.14.17 1-Methyl-1' -(2-sulfonato)ethyl-4,4' -bipyridinimn radical cation 

[ZnTMpypr5+ + [MSEVr ~ 5.5 x 109 6.5 
ZnTMpyp4+ + MSEV-

f.p.loq D.k. at 395 nm in soln. contg. ZnTMpyp4+ 84N212 
and C12MV2+ (OQ). 

f.p.loq D.k. at 700 nm in Ar-satd. soln. contg. 2 x 85A430 
10-4 mol L-1 ZnTMpyp4+, 0.001 mol L-1 

CoEDTA- (OQ) and 5 x 10-3 mol L~1 
EDTA. . 

f.p.loq D.k. in soln. contg. ZnTMpyp4+,0.005 81F164 
mol L-1 MV2+ (OQ) and (1-20) x 10-3 mol 
L-1 EDTA. 

* Unexplained discrepancy in these data. 

f.p/oq D.k. at 602 nm in soln. contg. 5 x 10-5 mol 81NOO2 
L -1 ZnTMpyp4+ and 10-3 mol L-1 

C14MV2+ (OQ). 

20 f.p.loq D.k. in soln. contg. ZnTMpyp4+, MSEV
(OQ) and 0.04 mol L -1 phosphate buffer. 

89A362 

28.14.18 I-Methyl-I' -[3-(trimethylarnmonio )propyl]-4,4' -bipyridinium radical cation 

[ZnTMpypr 5+ + [MTMAPVr2+ ~ 1.0 x 109 6.5 20 f.p.loq 
ZnTMpyp4+ +MTMAPV3+ 

28.15 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatozincate(II) radical cation 

28.15.1 5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatozincate(ll) radical cation 

[ZnTPPSr 3- + [ZnTPPSr3- ~ 1.5 x 105 7 p.r. 

28.15.2 Superoxide ra~ical anion 

[ZnTPPSr3- + O2.- ~ 7.5 

28.15.3 5,10,15,20-Tetra~s( 4-sulfonatophenyl)porphinatocobaltate(lI) ion 

[ZnTPPSr3- + CoTPPS4- ~ 1.1 X 108 7 

28.15.4 Ferrocyanide ion 

[ZnTPPSr3- + Fe(CN)64- ~ 
ZnTPPS4- + Fe(CN)i-

28.15.5 Oxygen 

[ZnTPPSr 3- + O2 -I-

9 

7.5 

28.15.6 1,1'-Bis(carboxyethyl)-4,4'-bipyridinium radical ion (1+) 

0.01 

f.p.loq 

p.r. 

p.r. 

f.p.loq 

D.k. in soln. contg. ZnTMpyp4+, 
MTMAPV3+ (OQ) and 0.04 mol L-1 

phosp~ate buffer. 

89A362 

O.k. at 700 nm in N20-satd. soln. contg. 85A038 
0.01 mol L-1 SC~ and 10-4 mol L-1 

ZnTPPS4-. Decay involves complexes of 
the radical cation with SC~. When SC~ 
is replaced by Br- decay is approximately 
first-order with half-life -6 s between pH 
3.2 and 7 and then half-life decreases with 
increasing pH (half-life = 3 ms at pH 13). 

O.k. at 700 nm in N2/02 (95:5) satd. soln. 88A285 
contg. 1.5 x 10-4 mol L-1 ZnTPPS4-, 3 X 

10-3 mol L-1 metronidazole (OQ) and 2.5 
x 10-2 mol L -1 phosphate buffer. 

D.k. at 700 om in N20-satd. soln. contg. 81A317 
0.1 mol L-l bromide ion and varied [Co (II) 

complex]. 

D.k. at 700 nm in N20-satd. soln. contg. 
ZnTPPS4- and 0.01 mol L-1 KBr. 

85S167 

O.k. at 700 om in N2/02 (95:5) satd. soln. 88A285 
contg. 1.5 x 10-4 mol L-1 ZnTPPS4-,3 X 

10-3 mol L-1 metronidazole (OQ) and 2.5 
x 10-2 mol L-1 phosphate buffer. 

IZnTPPSr1- + ICEVr+ ~ ZnTPPs4- 6 x 10% 
+CEV2+ 

25 f.p.loq D.k. in soln. contg. ZnTPps"'- ana CBV'2.* %2NtJn 
(OQ). 
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TABLE 28. Rate constantS JorZincttansients'.......:·. Conttnucu 

teC)' :Method' . Comment 

'rl.$j:'5'10;lS,2~-Tetrakis(4.sulfonatophenyl)p()rphipatQzi~c~te(n) radiCill cation ~Continued 
:j$:i5.71,i'-Bis(~~s1ill'onatoethyl)4~4';'bipyridiBhmi :~~dicalanion . . 

:. ~·~tzitTPPSj"3""+ [SEVr- -+ ZnTPPS~9x 108 ' ,6.5 20 f;pJoq D;k. in soln. con~g. ZnTPPS"-, SEV (OQ) 89A362 
+.813V ., . and 0.04 mol I:1 phosphate buffer. 

~~~:~.~.: .1,1'~Bjst3~(trimethYlammonio )propyl]4,4' -bipyridinimn . radical cation 

:-£~TPl'S]~3~+ [APV]"3+ -+ 3.3 X 1010 5.5 20 f.pJoq 
~ZIi'FPPS4~ + APV4+ 
.!"./:~ . " .. ".. . '. 

D.k. in s()ln. contg. ZnTPPS4-, APV4+ (OQ) 89A362 
and '0.04 mol L -1 phosphate buffer. 

~'1~.9, .. i~1' ~J)iDieJhyl-4,4~ .. bipyridiniUDl radicaication 

:t2:ll1:'PPSr~7+ M;V'~ -+ZnTPJ?S~+ 2.x 109
. 

Mv,~r"" .... " -:7 22 f.pJoq D.k. at600 and 460. run in soln~contg. 2:><' 85F141 
10-5 mol L -I ZnTPPS4~,(2-5) x 1O--! mol 
L-1 MV2+(OQ) and 0.2 mol L-1 NaCl or 

>2J.15.10··: .·l .. Methyl.;i' ';(2;'sulfollBtC)ethyl-4,4' -bipyi'idiniumradical' ~tiori ., 

:':t~tppsr3- +.[MSEVr -+", 3.7 x 109 6;5 . 20'" ··f.pJoq 
:zn~PS4-+ MS:aV'., 

~4S~~1 ... ,· 'l-MetbYi;.l' -t3-(tJ.imethyl~Onio)propyl]4,4'~bipyridiniUlDradicalcation 
>[znTPPSr~~+ [lVIT~pvt2+ 2 X 1010 6.5 20 f.pJoq 
'ZnTPPS4"- +MTMAPV3+' ." ' 

'28.15:12 .•.....• Nitrobenzene radical anion 

", ·;iiri'.l1?PS],,3-::-, [CbH:;NO;lr- ..,... 

" ,.'ZnTPPS4-c.+:C6H;~02 
~45~13,' :Tryptophsn 

:: [ZnTPPsr3- ±1JpH -+ 

Nl8~15:1.·f·· TyrOsine . 

. '·[?nTP.Psr3-+ l'yrOH -+ • 

2 xio8 f.p.loq 

9.2 f.pJOQ 

.92 f·PJoq 

O,OSmol L-1 ZnS04• . 

D.k. in soln. contg~ZnTPPS4-,MSEV-' 
(OQ) and O.04'moIL",,:l phosphatebuff¢r. 

D.k. in soln.contg. ZnTPPS4-; 

MTMAPV3+ (OQ) and 0.04 mol L -1 

phosph~te b~:ffer .. 

D.k. in Goln. oontg. ZnTPPS4-
nitrobenzene (OQ). .' , 

D.k: at 700 lun in Ar-satd. soln~ cont2. 
ZnTPPS4- and 4 x 10-4 mol L ~l 
metronidazole· (OQ)~ 

D;k. at 700nm in Ar .. satd.soln,contg, 
ZnrPPS4-'- and 4 x 10-4 mol L-1 

metroriidazole (OQ). 

a8~n~ ·Hydroxy(tetrakis(2.hydroxyphe~yl)porphinato)zinc(ll)radical cation,.deprotonated 

lS~16~1.,··· Hydroxy(tetrakis(Z-bydroxyphenyl)porphinato)zinc(l1) radical cation, deprotonated 

'··'?(HO)[ZnT(O-()P)Pj·4-- +. 2:7 x t07 12 p.r. 
-(HOJLZnT(O-qp)pr~-+ . 

D.k. at 680 run in N20~satd. soIn. contg. 
10-4 mol L-1 zinc porphyrin and 0.01 mol 
L-1 KBr. 

~~17 Hydro:x:y(tetrakis(3-hydroxyphenyl)porphinato)zinc(m' radical cation, deprotoJUlted 

~~j 7~1··· Hydroxy(tetrakis(3-bydroxyphenyl)porphiiuito )ziilc(D) radical cation, deprotonated 

"(1I0)[ZnT(in~OP)pr4-+ 3.4 X 107• 12 p.r. 
·.(HO)[ZriT(m':OP)pr4- 4 ' 

D.k..at680 nmin N20-satd. soin. contg. 
10-4 mol L -1 zinc porpbyrin and 0.01 mol 
L -1 lUir; k = ::S.2 XlU7 and 4.U XlU7 L 

mor1s-1 at pH 13 and 14, respectively. 

dj~~~ .... 5,10,15,20· Tetrakis[1~(3.sulfonatopropyl)pyridiQium-4-yl]porphinatozinc(ll) radical cation 
28.18a~ ' ... ' 5,lO,15,20-Tetrakis[1-(3-SuifonatOpropyl)pyridiniuin-4-yl]porphinatozinc{II) radical cation 

[ZO'lLPr++tZnTZP]"+-+ 3.0 x 109 7.0 p.r. D.k. at 700 run in N20-satd. soln.contg. 
10-4 mol L-1 ZnTZP and O.Olmo} L-1 

KBr. Decay.involves .. a complex of the 
radical cation with bromide.' 

89A362 

89A362 

85F141 

86A063 

86A063 

86A242 

86A242 

85A038 
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TABLE 28. Rate constants for zinc transients - Continued 

No. Reaction pH I t(°C) Method Comment 

28.19 5,10,15,20-Tetrakis[1-(3-sulfonatopropyl)pyridinium-2-yl]porphinatozinc(m radical cation 

28.19.1 Iron(II) ions 

Ref. 

[Zn(2-TZP)r+ + Fe(II) -+ Zn(2-TZP) 
+ Fe(III) 

3.2 X 105 o . f.p./oq D.k. at 700 nm in soln. contg. Zn(2-TZP), 87 A2c,i 
Fe(III) (OQ), 1 mol L -1 nitric acid and 
added Fe(II). 

28.20 5,10,15,20-Tetrakis(2-N-hexylpyridyl)porphinatozinc(m radical cation 

28.20.1 Iron(Il) ions 

[Zn(2-THpyP)r5+ + Fe(II) -+ 
Zn(2-THpyp)4+ + Fe(III) 

3.2 x 105 o f.p./oq D.k. at 700 nm in soln. contg. Zn(2-
THpyp)4+, Fe(III) (OQ), 1 mol L-1 nitric 
acid and added t'e(ll). 

28.21 . Tetrakis-4-(N,N ,N-trimethylammonio )phenylporphinezinc(m radical cation 
28.21.1 Tetrakis.4.(N,N,N-trimethylammnnin)php.nylpnl"Jlhinp.zin('(lI) l'su'li(,ld (,9fion 

87A2hl 

[ZnTAPprs+ + [ZnTAPprs+ -+ 7 x 106 7 p.r. D.k. at 700 nm in N20-satd. soln. contg. 85AOJ:-: 
10--4 mol L-1 ZnTAPp4+ and 0.01 mol L-1 

KBr. Decay involves a complex of the 
radical cation with bromide. 

28.22 5,10,15,20-Tetrakis(2,6-dichloro-3-sulfonatophenyl)porphinatozincate(m radical cation 

28.22.1 5,10,15,20-Tetrakis(2,6-dichloro-3-sulfonatophenyl)porphinatozincate(Il) radical cation 

[ZnTCPPSr3- + [ZnTCPPSr 3- -+ 2 x 107 7 p.r. D.k. at 700 nm in N20-satd. soln. contg. 
ZnTCPPS4- + ZnTCPPS2- ZnTCPPS4- and 0.01 mol L -1 NaN3; 

unclear whether k or 2k. 

90R041 

28.22.2 1,4.Benzosemiquinone radical ion 

[ZnTCPPSr 3- + Q.- -+ ZnTCPPS4- + 4.8 X 109 

Q 

28.22.3 2,6.Dimethylbenzosemiquinone radical ion 

[ZnTCPPSr 3- + [2,6-(CH3hQr--+ 4.8 x 109 

ZnTCPPS4- + 2,6-(CH3hQ 

28.22.4 1,4.Benzenediol 

[ZnTCPPSr3- + QH2 -+ ZnTCPPS4-
+Q·-+2HT 

8.8 x 108 

28.23 Zinc(m uroporphyrin radical cation 
28.23.1 Nicotinamide adenine dinucleotide 

[ZnUpr+ + NAD -+ ZnUP + NAD+ 1.4 x 108 

28.23.2 N-Benzyl-3-carbamylpyridinyl 

[ZnUpr+ + C6HsCH2PyCONH2 -+ 
ZnUP + C6HsCH2Py+CONH2 . 

1.4 x 108 

28.24 Zinc(m hematoporphyrin radical anion 

28.24.1 Zinc(II) hematoporphyrin radical anion 

[ZnHPr- + [ZnHPr- -+ [ZnHPh2- 2.1 x 108 

7 

7 

7 

7 

7 

13 

f.p./oq D.k. in N2-satd. soln. contg. ZnTCPPS4-, 
benzOQuinone (OQ) and 0.2 mol L-1 

Na2S04' 

f.p./oq D.k. in Nrsatd. soln. contg. ZnTCPPS4-, 
2,6-dimethylbenzoquinone (OQ) and 0.2 
mol L-1 Na2S04' 

90R041 

90R041 

f.p./oq D.k. in N2-satd. soln. contg. ZnTCPPS4-, 90R041 
benzoquinone (OQ), excess hydroquinone 

25 f.p./oq 

and 0.2 mol L-1 Na2S04' 

D.k. at 380 and 670 nm in soln. contg. 
zinc(II) uroporphyrin, NAD+ (OQ), 1.1 x 
10--4 mol L-1 K2HP04 and 0.1 mol L-1 

KCl. 

75A245 

25 f.p./oq D.k. at 380 and 670 nm in soln. contg. 75A245 
zinc(II) uroporphyrin, N-
benzylnicotinamide (OQ), 1.1 x 10--4 mol 
L-1 K2HP04 and 0.1 mol L-1 KCl. 

p.r. D.k. in N20-satd. soln. contg. 1.0 mol L-1 741040 
2-PrOH, 1 x 10-5 mol L -I zinc(II) 
hematoporphyrin, 1 x 10--4 mol L-1 ZnS04 
and 0.1 mol L-1 NaOH; unclear whether k 
or2k. 
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Chem, 89: 2468-72 (1985) . .. . ." 

85F222 'Energy transfer vs. electron transfer in the excited-state 
quenching of. tris(2,2'-bipyridine-:N,N')ruthenium(ll) .compiexesby 
.cobalt(llI) cage. complexes: Applications to. the photQreduction of 
water~ Cr~~, U.; Gahan, L.R.; Geue, RJ.;·Launikonis,·A.;LaY.P.A.; 
Lydon; J,D.; McCarthy, .M.G.;Mau, A.W.-H.;Sargeson, A.M~; Sasse, 
W;H.F~, lnorg. Chem. 24:2671-80 (1985) . '. . . .' .... ..... '. 

85F435 Efficiency of polymer sensitizer in photosensitized reaction of 
:ris(bipyridine )rutheriiuIn(II) complex -c()ntaining polymer:Sumi, K.; 

Furu,e,lYl.;Nozakura,S.-I.,J. Pplym. Sci., Polym.Chem. Ed. 23: 3059:'67 
(198Q) . 

85F449. Quantitative generation. of sing1et . dioxygen via the. reaction of 
tris(bipyridine)rutheniummp with .superoxideion in aqueouss0111tion. 
Miller;S$.; Z3.bir,,I(~;,Haim, A., Inorg. Chem. 24: 3978,.8£>:(1985) 

85G125 ·Radiation chemistry of Na3IrC16' solritlon,s:.Catalysed H2 
for:rruition by. radicals .and .'. postirradiatjon red~ctioll' of IICllby 
prQpanol-2. Mills; G.; Hengleih, A., Radiat. Phys.Ch~m~ 26: 391-9 

. (1985) . . .. 

85G297 Me~hanism and reaction·" products of the oxidation of. Cu(I)
phenanthroline byH20 2• Goldstein, •. S.; .Czapski,q., J. Free Radicals 
Bioi. Med.1:. 373-80 (1985) . . .. ' , 

85S0~2Homogeneous :catal),sis of: the photoreduction of water. 6. 
Mediation bypolypyridine .~omplexes of ruthenium(II) andcobalt(ll) in 
~in.e ~¢ia. Kris~an,CV.; Brunschwig,·R$.;Creutz, C.; Sutin, N., 
J.Am. Chem. Soc. 107; 2005~i5'(1985)' .. . 

85S167 Photo-oxidation of . water using Prussian Blue .' ascat~yst. 
Christensen, P.A.;Haniman, A.;. Neta,P.;Richoux, .• M.-C., I. " Chem. 
Soc., Faraday Trans. 181: 2461-6 (1985) 

85~81 ..• ·J:~t.~netic; sW~i~of~ioxygen~~tjyed$peci~s'llI1d:tbek metal 
, c;omP~e:x~. " Bi~l~ki, .. B,.H.J~,·PhilO,s~i,:all$. ,R; .. $.oc. ,bJ~n,.,B3t1: 

413.;82(985) .,.., 

8~~q17. A plllseJ;adiolysiSstud~ :pf t~traamtIlin~pl,~tinpin(ll)c~~plexion 
in :~D?ous.~!ll0ride,'IIledia. ·Kfuut, . H,M.;Walt~·~W.L;; . Woods,. RJ.} 

Rtuiif1:t.Phys~(;h~m.27: 41':~(1986r .....•... ', "'" ,', ..... " .. ' ............. . 
86A018.. Pulseradiolys~ studies .·o(~e~(ll,I);an,dFe,(VI} solutions 

Obs·ervation. of transient . iron. complexes:_with·in~f.tt'edi.ateoxidation 
States~ Rush~ lD,; Bielski, B.H.l,iA,rl: Che~.Soc:108: 523-5(1986) 

86A034 Radiation-inducedreacti()ns o~,.}lO~ynter~~.with'~the¢un\ 
··tris(l?ipyridyl).,0li. ~clducts· ... iD.3quepus. sol~tiQn~~:-',Ne~P.;'Sijverman,
J.; Markoyic, V.; Rabani' J.,.1. J>hys. Chem;)~:/1()~" T(~986) . - .' 

86A.057··. PbotoclleIIlipai. oxidati~n~(W((~.N~~i:llipY)O?py)~)]~by .~dox 
quencQing;:. Slama .. .gcbwpk,A:~; . Rapani,J.,I f?hYf .. C,M.ni: 90:, 1176~9 

. (1986) . .. . ... ~ . . ,. . 

86A063·Sel~ctive.·~ 1: phot()ojcida~()Il~.in-.~~-Qf porPh.YJinsand 
'electrophillc' .•.. nitr()iIl1idazoles~' Bairn; ' .. M~; ·Santus~R.. fhoio~hem. 

PJiotobiol.43:23542(1986) . .". 
86A115, ItiDetics,offorIlllltion .. ' 'and:'decoIllPositiqll ,ofthemethyJ. 

.coppet:(Il)~9IDPlex ·ill . aqueoussc?lu~ons.<A ,puise-mdiolysisstudy. 
Cohen, H.;Meyerstein,D.,lnQrR.~.Chem;25:JS05;'6(l986) .' .' . 

86A120 . . . PhotodynaIIri~ ... '. '.' ....... of " ...... 't~ ,tris(2,2'~ 
PIRYrazllle)cutllemU!Il(2+ )/methyiviolqgeiitEOTA.. ~ysteIll:in '. aqWi:OUS 
solution •. Pl'asa<i, P.E:·; floffIiian,M.Z~, J.::Am: .C;hem,.~()c; tQ~;.2.568-73 '.', 
(1986) ...• '. '. '.' •. ' .'. ' •. '.' ....... ". '" ... ' 

86A152 . Pulse,~iadiolysis·study.of the reduc~OIiof'v02+,byiqehydrated 
eJe.cmin. >Fc>llrest, B.;Schmidt;K.~.;,sUllivan. ~ ];C.,-inorg .. Chem .. ~.5; 

.' 209.~ 7 (1~86) - . 

86A154 • Chemical proPe.rtiesOf watef';solu~lepoq,h)'ri~:,4;The reaction 
:. pfa·picket~fe~ce-like~iI1>n(TII).co~ple){ ~th,me,supero,xi.~·· oxygen 

" cuuplc .. F'dlllggi, ¥.; Pl:r~tz,p;;,WeiiiI:Club, D.,lnr. J.RUiita,.,,]jioJ.Relw. 
Stud. PhYs., Chem;>Med.:~9:95J~68~{i9~~) ..... '. . . . '. . . 

86A161.Kineticsandnl~hanism.Of eleCtr(,ntraIlsfe~to. trimsition.:metal 
" cOmPlexes. '.. . by.. . ph~ioclt~~Chll~ lfoduced 

tri5(bipyrldyl)1Utli,eQj~JllO ~)iOQ •. c()~~Jiy ,:;.P.~: ES~~s(;ii; .. J .H~;. Bakru;;, 
" A., {nfJrg.,C~m. 2~: 216~,.75(1986), . •.•. .... ". ". .. ". ...... •. . . '.. . .. . 

86A208~. AqueouscheIDi~try:of:·. tin(lID~~·A ,ftaSh'!p:boto1ys,is, study. 
. Shinohara; N.;,·¥ori,I(; :inou~,·~., Che~:.,~tt;:·6~1~:,(19~6); . 

86A210 Reductive .additio~f col. ()I:I rac1iCa1~·to. JPacrocyclip/complex¢s. 
Geiger, D,K; Ferraudi;~~,blorg:'Chi~cAc{a 1 '7.: 1~~-44(1986) . . 

86A241 One~an(i' ffi'0-electronoxidation of lead(il),t~trakis(N
. methylpyridYl)porphyriu's. in~lleous s~lutio~. ·RiC110U~~::~~'iC.;, Neta, 
p~; Harriman,. A;,1. :Chem.Joc.; ·farat/ay.Tra,ns. 2 8~~ 20,l:'1"(19a6) 

86A242 . ResonMce ·stabi1isation .of,z~c. pOIph~' ~1t:-radicalpations. 
Neta, P.; Richoux. M.~C.; Hamman. ·A.; ;Milgro,~"~.R,,i . C"em.~ Soc., 
Faradaylrans;282:209-17(1986) 

86A243. .' Formation ... and . d~cay .. Of ... ;zincte~s(N~~ethyl-3-
pyddYl)porphine.x-radicaI ·cation.in water.' RichouX •. ·M.~C.;~eta,·.p.; 
Christensen~P.A.;Harriman, A.,J.Chem~ Soc., Far.a4tzYTrci,is. 2.82: 
23549 (198.6)' . '. . . .' 

86A265 . Electron transferbetweencytochrome'.cahdlll~alloliorphyrins at 
high exothennicities .. Ch~;·K:C,; Ng:·. i(M:;Choy~ .C,.L.; Cb~;C~M;, 
Chem. Phys. Ut( .. :l29:521-5 (1986).. . .... 

86A313 . Chemical proPertiesofwater~solubleporp~yrins~. S'.'~~actions of 
somemangaheseall) I>OrphYrinswitfl·the supero:xideand other: reducing 
radica1s.,Weinraub. D~;Ley~, P:; Hiraggi,~., int.J. Radiaf. Bioi. Relat. 
Stud.··Phys,;., Ch(!m .. }Jed.50:·~9~58 9?86)' 

86A470 Ring .size effects on the chemical:p~Qperties ofteryalent mCKCJ 

complexes. with tetnl"aza tllacrocyclic.ligands. in aqueoussQ!1.1rlons. An 
electrochemical and pulse J;adiolytic.stu<i~,lUbnm.,,N'.;¥eYersteih, D.; 
Koresh,'l; Cohen, H.J Chern. Soc.; Daito.n Trans:: '2509:-13 (1986) 

86A492 StUdies of the reactivity· of Trolo~· with. IIlarig~ese(3+)liro~(3+; 
complexes·bypuiseradiolysis~Ql~Ui, D.E;;'BielskLB.HJ .,J. FreE 
RiulicaisBiol. Med.2:. 71-'5 (1986). 

86A511 Kinetics. of t~e .~';hydro::~Y¢UnUn&tion. reactions:tr()Inthf 
protoporphyrin if()n(Ill)-CHRqI2Pllc:oniplexesjn,aqueous solutions 
,A. pulse-radioJyticstudY ... Sorek.· Y.;.C9h~n •. 1I~; Meyeisteip~I?. J 
Chern. Soc.,FaradayTrans182·:34?1~8(1?8,6) 
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B6A536'Electron-ti'ansfer reactions between 
pentaaquo( organa )chromium(2+) and" tris(bipyridyl)ruthenium(3+) 
'iottS .. ,Melton, 1.D_1 R~ri~ns6n,·J;lI-.;Bakac; A.,lnorg .. Chem. 25: 4104.;;8 
ri(lQ86r': . . 

:861\.57:8' ; Detection :and ldneticsof fotmation anddisproportionation of the 
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'S6B15l" . Effect of.nitrilbtriacetate:· on ·the .. :mechimism of' reduction .of 
C()~pd(II) ::io~,by>a .. hYdrfjxyalkyr free· radicals- via complexes·: .. with 
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,Masarwa.. M;;,Cohen, H.:; Meyersrein,D.;·jliorg. Chem;·, 25:; 4827,.900 
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i$6IU53;;. Redox . ·.properties' 'qL~ .',zinc(llr '. tetra.;N-methyl~2;3:' 
.' :pyridinoporphyrazine .·in ',' aqueoussoluti,on; .... -Richoux;:' M.~C;; 'Abou

Ga:ttn-a. Z;M;,Inorg. Chim, ;.Actd1t8::H5~8'(1986)-
36E195 Photoinduced'electron.,ttansfer . reactions , of 

poly(pyri~ine)Dlthenium(II)complex:swith'europitim(llJ!ll) cryptates~ 
Sabbatini, N.; Dellonte, S:; 'Bonazii,A.;.,Cia)lo,M.; Bal~ V., Inorg. 
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t>86G256.<; 'Pulse·radiolySisof aqUeous . solutions .,·ofmonovalent· copper. 
: Sukhov, .N.L;· Akinshinj :M:A.;'iErshoY, BfG;,]lighEnergy>Chem~. 20: 
;303~'(1986) Translated from:.Khim.lrys;Energ;20:·392;'6.(1986)·. 

~:g6N0i5: NoveleffeOt :ofman-:ri1a.de moleCular'assemblies: on phQtoinduced 
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a6~~60, . Electron· • transfer: ·thro~gh:.a ·lipid-'bilayer-membrane .. aqueous
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Khannanov; ... N.K.;.Kuz'min,Y;A •• Bull. ActuL. Sci. USSRi'Divo.Chem. 
ScL'S!k 728:33,(1986) .. Tl'aIlslated ·from: .Izv. Akad.: NaukSSSR, Ser. 

;··;~im;::801;;.6 (1986) '" 
: 86~nl5) ·C..atalY7..ed . decay . or· OXlolzlng radical!linwater. Harriman; A.: 
'.' . .Neta.P.; RichoUx,:M.C;': NATO ASISer.,.Ser;' C,174: 12345\(1986) 
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. 'me~h!>xybeIiienecation l'adica1s: '.' The.effect ·of ,colloidal';Ru02' 
Brandys.>;:M.;· Sassoon, ·R.E,;Rabani~ J;. J.,phys.Cluim.: .9,1 :.953.-:62 
(1987)' 

87A:083:·-one~lectron,;transfe.r'reactions 'of. the couple .S02/S02: in 
. aqueous solutions. PUlse. radiolytic .. ' and· cyclic. voltammetric;studies.: 
Neta:, P.;Huie, R.E.: Harriman, A.. J. Phys. Chem:91:·1606 ... 11(l987) 

&71\088 . Experimental, andthe<>retica1 . study of the nascent·· photoredox 
,. behavior ··.of the >aqueous.hexachIoroplatinate(lV),ion. Goursot •. A.; 
Kirk;' A.D.; Waltz,W,L.;Porter, G.B.; Shanna. D.K, Inorg .. Chem. 26: 
~il~8' (1981); 

"rpcA160 Jriteraetion·between copper(m ... argininecomplexes and H02/0:£," 
radicals, a pulseradiolysis study.Cabelli~ D,E.;, Bielsld;RH.1.; 
;Holcman.J~d.Ain.Chem~Soc . . 109: 3665-:9(1987) . 

'87AI65; .Pu1seradiolysis studies of ,aqueous. [lr(c3.N'-:I-lbpy)(bpY)2]~~ and 
itsbliSic form. '.' Mechanism . ofH2 Jormation. . Slama",Schwok, . A.; 
.·Gershuni,.S.;Rabani,J..J.Phys.Chem~·91:2986",9:(1987) 

. 87,A184·. Mechanism.;. of reduction .. of. bleomycin.;CU(D)· by:. CO2 ~., .. and 
oxidation.of-bleomyCin;;Cu(I) by H20 2 ,in theabsenceandp~enceof 

:DNA .. Goldstein.S;; Czapski, G.;'lnt.· J. Radiat. Bioi. Relat;·Stud .. Phys .• 
Chem. Med..51: 693-706 (1987) 

~7A200E1ectron . transfer, betWeen '. azurin :and·, metalloporphyrins. Cha, 
K.C;;Che, 'CoM.; Ng, K.M.;-Choy, C.L., J •. Phys. Chem .. 91: 3690-3 
(1987) 

&7A232:Reactionsof'ironporphyrlns .with .oCF3" CF302~' and CBr302" 
: radicals .. Brault; D.; Neta, P., J. Phys.Chem, 9t: 4156-60. (1987) 

87A261Sterica11y .. hinderedzinc. porphyrins· for' s91ar-energy conversion; 
Davila, J.; HarriInan, A.; Richoux, M;~C~;.Milirrom, L .. RJ. Chem. Soc., 
Chem:'Commun;:,525-7 (1987) 

'67A267· The' ruthenium tris"(1,4,S,8-tetraazaphenanthrene)~hydroquinone 
system: A correlation betweenld,netic studies byftashphotolysis and 
by·. pulsed laser induced 'photQPotentials . at an ' '. Sn02' . electrode. 

"Masschelein, :A.; Kirsch-De Mesmaeker"A., NewJ.·.Chem .. 11: 329-35 
(1987) . 

-87 A309Reactions of chromium(ll) complexes ofl ;lO;'phenanthiuline, 
2,2':';bipyridyl,andoxalate 'with the pulse nidiolytically generated 
aquatedelectron, zlnC(I), andcadmium(I) .. l..awrance,G.A.; Sane:ster, 

. P~R,'J;Chem.Soc;~ Dalton Trans. -: 1425-9 (1987)' 
87A452' PUlsetadiolysis· study' of. one-electron oxidationofthionine. in 

aqueous' solutions. . Kishore; K.;Guha,S.R; Mooriliy,P.N.r Proc. 
Indian Acad.Sci;, Chem. Sci. 00: 351 9 (1987) 

87A460, "Photochemical formation of a strong redUCing reagent in' ·the 
Rh( dipy}:J3+ -Ru(dipyh2+ ,.EDTAsystem. Maier; V.E~;'Shafirovich, 
Y;Ya~, KinetCafaL 28: 728 ... 31(1987) Translated from: Kinet. Katal. 

,.28:· 835':S'(1987) 
87 A472 ,The acid:-baseproperties of chloride complexes of platinum(llI). 

Balashev;'K;P.; Blinov, 1.1.; Shagisultanova, G.A.~ Russ: J. lnorg.'Chem~ 
32: J43942 (1987) Translated froin: Zk Neorg; Khim~32: '24704, 
(1987} 

87A48K.·.··Charactenzation;reaoxproperties • and . pulse .radiolysisstudy·. of 
dichloro:-(teti'aazacyc1otetiadecane )manganese(ll) • complexes; and '. X
ray crystal structure. oLthe meso;;5,7.7;12,14;14-hexamethYl-l,4;8,1l
~etraGzacyclotetradeoaite 'c~mplex. " Hambley.T;W.;·· Lawrance, .(};A; 

. Sangstel';D.:E.;,Ward.C.B.~Aust.1 . . Chem. 40: 883;..93.(1987) 
) 7B063.· A pulsetadiolysis study of the ·reaction of hy~xyl radicals. with 

,.' trims~hyc:lroxo(l,4.8.11-tetraazacyclotetradecane )chromium(llI). 
Monsted~O.;·Nord,·G.; Pagsberg;P., ActaChcm. Scand., So,; A 41: 
1()4,9(1987) 

87E949 '. Spectroscopic, ,electrochemical, and kinetic:, characterizationcof 
newruthenium(II) .tris-chelates containing :five-membered,heterocydic 
-moieties~·. Orellana. G.; Quiroga. M.L.;Braun, A.M .• Hp.lv . . Chi",. -Ar.ta 

70: 2073;.86(19.87) 
·87F040;·, A watet-soluble.Wilkinson's complex as homogeneous . catalyst 

for the .photochemical reduction. of water. ,Oishi;' S., J. Mol.Cataf 39: 
225-32 (1987) 

870275 Kinetics and mechanism of the reaction of the.bIs(l,1 0-
phenanthiolin~)copper(I).. ion' with hydrogen '. ,peroxide in aqueous 

,:solutioit.Johnson .. G,R.A.'; Nazhat; N.B:,J.ArIi .. Chem •. $oc.1 09: :1990-4 
(19W7) 

87N149 Organometallic rhodium(III) complexes. as catalysts . for the 
photoreduction. of protQns. to' hydrogen. on· colloidal·.TiQ2:·· Koelle, U;~ 
Graetzel, M;;Angew.Chem.1nt. Ed:.Engl. 26:567-70 (1987) 

88A025 · .. Salt effects on.' nearly diffusionconttolled electron,.trimsfer 
reactions. Bimolecular rate constants and cage escape yields in 
oxidative . quenching "of tris(2,2' -bipyridine)ruthenium(II). Chiorbolt 
C.;Jndelli, M;T;;Ran:ipi Scandol~ M.A.; Scandola. F.,.J.Phys. Chem. 
92:156;;63(988). 

88A030 Enhancement of the rate. of addition of 'freeradicals-to 
dicarboxylacetylene.by. 1t acid complexation . to rutheriium(I1)~ 

. pentaamine~ A pulse radiolysis study.Simhon, E.; Cohen, H.; 
Meverstein,D.3norg; Chim.Acta 142:5-6 (1988) 

88A065·· ·.Electron-transfer .. reactions . ofuranium(V): Kinetics of the 
uranium(V)~uranium(V1) self~xchange reaction. _ Howes,.KR.;·Bakac, 
A; Espenson, J.H.,lnorg. Chem. 27: 791-4 (1988) 

88A066 .. Kinetics and . mechanism ·of the 'reduction· of protons to hydrogen 
bycobaltocene. Koelle, U.; Infelta, P.P.; Oraetzel,. M., Inorg.Chem.27: 
879-83(1988) 

88A091 IIiteraetion oLtris(2,2'-bipyrazine)ruthenium(2+) ion with 
radiolytically.,generated.· radicals .•. in aqueous solution. Reactivity· of 
Ru(bpzh+ toward electron relays. Mulazzani; Q.G.; Venturi,.M.; 
HoffmaIi, M.Z;, Radiat. Phys. Chem ... 32: 71 ~8 (1988) . 

88A104Reductive quenching of2E Cr(bpy>lt by Fe2+and Cr(bpyh2+. 

. Bakac,A.; Zahir,K.; Espenson, IH., inorg.Chem .. 27: 315-8 (1988) 
88A105 Singlet molecular oxygen: Not amEUor, product of the. reaction 

between tris(2,2' -bipyridine )ruihenium(3+) and superoxide. radical 
anions. Mulazzani,Q.O.; Ciano, M.; D'Angelantonio, M.;Venturi,M.; 
Rodgers, M.AJ.,J.Am.Chem. Soc. 110;2451-7.,(1988) 

88Al24 Reduction des cryptates, par I 'electron hydrate: Obs.ervattonae la 
valenceldu cadmium; Lardinois, P.; Rebena. 1;; Hickel, B., New J. 
Chem~12:21;-5 (1988) 

88A184 .:f<:)rmationand decomposition of . iron-carbon cr-bonds in the 
reaction of iron(ll)-poly(amino carboxylate) complexes with CO2-free 
l'adicals~A pulSeradiolysisstudy. Goldstein, S.; Czapski, G.; Cohen, 
H.; Meyerstein, D.,J. Am.Chem.Soc. 110: .3903-7 (1988) -
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88A233 Reactions of polypyridylchromium(II) ions with oxygen: 
Determination of the self-exchange rate constant of °2/02-, Zahir, K.; 
Espenson, J.H.; Bakac, A, J. Am. Chem. Soc. 110: 5059-63 (1988) 

88A277 Formation and decay of zinc tetrnkis(N-methyl-4-
pyridinio )porphyrin 'It-radical cation in aqueous solutions containing 
azide ions and a polyelectrolyte. Nahor, G.S., J. Phys. Chem. 92: 
4359-66 (1988) 

88A285 Superoxide dismutase as an amplifier of the chemical reactivity 
of porphyrin radical-cations. Bazin, M.; Patterson, L.K.; Ronfard-Haret, 
J.C.; Santus, R, Photochem. Photobiol. 48: 177-80 (1988) 

88A334 Thermal and photochemical reactions of d9 metal complexes: 
The silver(II) macrocyc1es. Ronco, S.; Van Vlierberge, B.; Ferraudi, G., 
Inorg. Chem. 27: 3453-8 (1988) 

88A343 Properties of complexes with cobalt-carbon bonds formed by 
reactions of aliphatic free radicals with nitrilotriacetate-cobalt(II) in 
aqueous solution. A pulse radiolysis study. Meyerstein, D.; Schwarz, 
H.A., J. Chem. Soc., Faraday Trans. 1 84: 2933-49 (1988) 

88A391 Nickel(I) and nickel(III) complexes of substituted tetraaza 
macrocyc1es formed by pulse radiolysis and electrochemistry of 
nickel(II) precursors. Bernhardt, P.V.; Lawrance, G.A; Sangster, D.P., 
Inorg. Chem. 27: 4055-9 (1988) 

88A392 Formation and decomposition of transient complexes with a 
copper-carbon O'-bond in the reaction of copper(I) phenanthroline with 
aliphatic free radicals. A pulse radiolysis study. Goldstein, S.; Czapski, 
G.; Cohen, H.; Meyerstein, D., Inorg. Chem. 27: 4130-5 (1988) 

88A405 Solvent effects on reactions of coordination complexes. Part IV. 
Acid catalysed aquation of oxygen bonded (a~S)-
(sulphito )(tetraethylenepentamine )cobalt(IIl) in aqueous binary 
mixtures of protic and dipolar aprotic cosolvents. A flash photolysis 
study on sulphur bonded (a~S)(sulphito)(tetraethylenepentamine)
cobalt(III) ion. Dash, A.C.; Dash, N.; Aditya, S.; Roy, A, Indian J. 
Chem., Sect. A 27 A: 398-403 (1988) 

88A410 Kinetics of ~-hydroxyl elimination from 
[(H20)mCuIICH2C(CH3hOH]+ in aqueous solution. A pulse-radiolysis 
study. Cohen, H.; Meyerstein, D., J. Chem. Soc., Faraday Trans. 1 84: 
4157-60 (1988) 

88A426 Equilibrium constants for the homolysis of the metal-carbon 0' 

bond in [(nta)(H20)MmCH3r (M = Mn, Fe, Co, nta = nitrilotriacetate) 
in aqueous solutions. Cohen, H.; Meyerstein, D., Inorg. Chem. 27: 
3429-31 (1988) 

88A444 The methyl(cyc1am)nickel(IIl) dication in aqueous solutions: 
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Dalton Trans. : 1245-51 (1993) 

93A292 One-electron oxidation of the iron(II) complex of 1,10-
phenanthroline-5,6-quinone. A pulse radiolysis study. tiao, H.; 
Navaratnam, S.; Parsons, B.J.; Phillips, G.O., Radiat. Phys. Chem. 42: 
989-92 (1993) 

93A299 Redox reactions of thallium clusters in aqueous solution. 
MUlvaney, P., Isr. J. Chem. 33: 89-940993) 

93A346 Oxidation-reduction reaction of photoinduced benzyl radicals in 
water: Para substituent effect. Mayouf, A.M.; Lemmetyinen, H., J. 
Photochem. Photobiol., A 73: 205-11 (1993), 77(2-3): 285 (1994) 

93A362 Transfert d'electron du cadmium en valence 1. Lerat-Pariwt, 0.; 
Potier, J.; Hickel, B., J. Chim. Phys. Phys.-Chim. Bioi. 90: 789-800 
(1993) 

93A404 Pulse radiolysis of aqueous solutions of 6-aminophenalenone. II. 
Intermediate producrs of the reactions of rhe dye with OH la\licals. 

Semenova, G.V.: Ponomarev, A.V.; Kartasheva, L.I.; Pikaev, A.K., High 
Energy Chem. 27: 23-7 (1993) Translated from: Khim. vys. Energ. 27: 
26-9 (1993) 
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ij~434:'Distatice;dependence" of intraInolecularelectroil transfer. across 
'ft~HgQp,oline.smj(bpY)~RunL·.:(p!O)n -CO~3}5]3:'",. n.= .1-6:I)iff.erent 
1~~e~for.helicaVand 'noIihelical Polyproline-llstructures; .' Ogawa, 
f,¥~y;~rWishart; J.F.; ;Young; Z;; Miller, J.R; Jsied,. 5.S., J. fh]s •. C,hem. 
,1J7rH456-63 (1993) - -. '., . 

nfA¥'rj" Effectof N';alkylation on the rate of ~-aminee1imination from 
?~ielitswitliCun"carbon-a_bonds. Gol~stein,S~;Czapski, ;G~;C9hen, 
';t{;-;.Meyerstem;,D~;. Shaik,·S., . J., Chern. Soc"' . Faraday Trans, 89: 
:;4045~5L(1993)- .' .... . .' 

·-jJ~$lq<:; ',fhe.useof coilj\Jgate4.:scav~ngerst() determine· the . rate constants 
,&i~f~~t"~bnS ~ ,aqueous solutions"hY ,pulseradiolysis .. Gogolev; 
I\,~V)Shi1ov;V.P~; Fedoseev;A;M:;Pikaev, A~K;Mendeleev Commun. : 
J-5~~.6Xa·9Q~)·.. '. . 

o.W~()(ti·KiJletiCaJl4 spectciI . characteristics ot transien~ fonned,htthe 
-piilse.ra~iolysis '. of phenylthiourea iJl'aqueous soiution. . Dey,G.R; 

_ .. ,~tn~kr;R;·Ki!;hO~'_K; :M9°rtllY, .. P~.; Radiat .• Phy~~ Chem.~: 365-9 

~098Redox .pr~perties of diaryl·chalcogenides . and . their' oxides . 
.... :~Enginan; L.;Lind. J.;Merenyi, G., J~ Phys. Chern. 98:. 3174i82 (1994) 

;~jlg9:;> 'ChaiactenzatioDQftransients procluced ~in aqueous medium' by 
.. tpiI~e:;, ' .. t.uiiolytic~ ' •. pxidation" .• ' of_ .. 3,5~diiodQtyrosine. Das,·· T.N 

;;tny!~arsii1i, Kl, J~~hyS~. Chem .. 98:' 5272~8;(1994) 
~.A;~08 . 'PUlse, tadlolysis stua:y .o(oXidationreactions pf sulphacetiunide in 

'-2aqueous solutions. Sabharwa(S:;!q.s'ilore,K:; Moorthv. P,N .. Radiat. 
:PhYLCh~m.44_: 499:-5(}6(1994) 

"~~.10; •.. Ajmlse ra<nolysis $tu~y.OfPdT'andPd~+;onsobWned in~lleolls 
":::acid . solutions. Troitsldi; D.A.;~ Ershov; . B.G.;Sukhov, N.L., " High 
<~~rgy Chem. 28:190-2 (1994) Translated from: Khtm. \-)i$. energ.28: 
-:'22r~3'(j994)' .....:-, '" '... .' 

1275 



1216 BUXTON, MUlAZZANI, AND ROSS 

8. Molecular Formula Index 

Ag 

Ag+ 

Ag2+ 

AgHO+ 

AgH202 

AgH6N2+ 

AgH7N20+ 

AgH lON30+ 

AgH12N/+ 

Ag2+ 

Au (CNhIr 

Silver atom 1.1 

Silver(I) ion 1.1.2, 17.1.2, 25.1.1, 25.2.2 

Silver(II) ion 1.5, 7.39.1 

Hydroxysilver(II) ion 1.6 

Dihydroxysilver(IT) 1.8 

Diamminesilver(I) ion 1.1.3, 1.3.1 

Diammine(hydroxy)silver(ll) 1.10 

Triarnmine(hydroxy)siIver(II) ion 1.11 

Tetraamminesil ver(IT) ion 1.9 

Silver(I) ion, complex with Ag(O) 1.2 
22.50.1 

Hydrogen dicyanoaurate(OYion 3.2 

BH30 3 Boric acid 6.6.2 

Bi2+ Bismuth(II) ion 4.1 

Br- Bromide ion 15.29.1, 15.48.2, 15.65.3 

BrCoH 15N 52+ Pentaammine(bromo )cobaltOII) ion 

BrHg 

BrHg02 

Br03-

5.1.18, 6.1.9, 15.1.18, 17.3.4, 28.2.21 

Mercury(I) bromide 10.6 

Bromomercury(l)peroxy 1 10.7 

Bromate ion 5.1.8, 5.7.2, 5.B.1, 5.9.1, 
5.10.2, 6.1.2, 15.1.8, 28.2.8 

Dibromine radical ion 6. 1. 1, 12.2.2, 
12.3.1, 15.69.1 

Br2H 12N4Rh + Tetraamminedibromorhodium(III) ion 
21.8.3 

Br4Pt3-

Br6Pt3-

CC13 

CC13CU2+ 

CCl4 

CCu02 

CHBi02
3+ 

CHBr3 

CHCl3 

CH03 
CHzO 

CH20 2 

CH3 

CH3Bi03+ 

CH3Cr02+ 

CH3Cr02z+ 

Dibromomanganese(III) ion 13.24 

Tetrabromo(hydroxy)platinate(III) ion 
19.32 

Tetrabromoplatillalt:(I) iUIl 19.4 

Hexabromoplatinate(Ill) ion 19.33 

Trichloromethyl 9. 12. 1 

Trichloromethylcopper(III) ion 8.66 

Carbon tetrachloride 1.1.9, 1.2.9, 1.3.6 

Carboxylatocopper(II) 8.29 

Carboxylatobismuth(IV) ion 4.6 

Bromoform 1.1.8, 1.2.8, 1.3.5 

Chloroform 1. 1. 11, 1.3.8 

Bicarbonate ion 6.6.5 

Formaldehyde 25.1.18, 25.5.14 

Formic acid 6.5.6, 6.6.25 

Methyl 6.101.2,8.82.1,9.28.2, 13.28.2 

Hydroxymethylbismuth(IV) ion 4.2 

Hydroxymethy1chromium(ll) ion 7.27a 

Dihydroxymethylchromium(ITI) ion 7.28 

CH3CU+ 

CH3Cu2+ 

CH31 

CH3N02 

CH3NiO+ 

CH30 

Methylcopper(ll) ion 8.28, 8.28.2 

Methy lcopper(ID) ion 8.65 

lodomethane 6.6.27, 6. 17.2, 8. 15. 11, 
15.8.19, 15.10.24 

Nitromethane 1.1.13, 1.2.11, 1.3~ 10 

Hydroxymethylnickel(II) ion 15.19 

Hydroxymethyl 5.1.3, 6.102.2, 8.5.23, 
10.10.4, 11.2.4, 15.1.2, 22.3.54 

CH40 Methanol 8.45.3, 25.4.35, 25.5.17 

CHlOCrF30s2+ 

CH 11 C12Cr062+ 

Pentaaqua(trifluoromethyl)chromium(ID) 
ion 22.3.13 

Pentaaqua( dichloromethyl)chromium(ill) 
ion 22.3.15 

CH 13 Cr05 2+ Pentaaquamethylchromium(Ill) ion 
22.50.20 

CH 15CoN l+ Pentaammine( cyano )cobalt(III) ion 
5. 1.20, 15. 1.20, 28.2.23 

CH 15CoN6S2+ Pentaammine( thiocyanato-N)cobalt(Ill) 
ion 5. 1.26, 15. 1.25, 28.2:29 

CHgN Mercury(I) cyanide 10. 10 

CHgNOzS 

CHgNS 

CNS-

CN40 S 

CNi02 

CO 

r.°3
2
-

C2AuN2
2-

C2Fe04 

C2Fe04T 

C2HAuN20-

C2H2AuN2 

C2H2AuN20 

,CzHzCIOz-

C2H2CU02+ 

C2H2Mn06 

C2H3Mn06 

Thiocyanatomercury(I)peroxyl 10.13 

Mercury(I) thiocyanate 10. 12 

Thiocyanate ion 15.63.2, 15.67.1 

Tetranitromethane . 7.2.6, 7.4. 15, 8.5.26, 
10.6.4, 10~8.5, 10.10.9, 10.11.4,'0.12.4, 

15.1.44, 25.6.3 

Carboxy latonickel(II) 15.20 

Carbon monoxide 6.5.4,6.6.3, 9.8.1, 
9.9.1, 9.10.1, 9.11.1 

Carbon dioxide 6.5.3, 6.6.4, 25.1.2 

Carbon dioxide radical anion 5. 1.7, 
6.80.1, 15.1.3, 22.3.45 

Carhonate ion 15.70.2 

Dicyanoaurate(O) ion 3. 1 

Iron(D) oxalate 9.5 

Iron(ll) oxalate 9.5. 1 

Dicyanohydroxyaurate(lI) ion 3.4 

Dihydrogen dicyanoaurate(O) 3.3 

Dicyano(hydroxy)aurate(ll) ion, pro-
tonated 3.5, 3.5.1 

Chloroacetate ion 1.1. 10, 1.~.7 

Carboxymethylcopper(III) ion B.68 

Peroxidomanganese(m) formate 13. 14 

Hydroperoxidomanganese(ll) formate 
complex 13. 15 

Glycinatocadmium(I) ion 5.9 
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( '2H4CoN02 + Glycinatocobalt(II) ion 6.47 

('2H4CuN02 + Glycinatocopper(II) ion 8.47.3 

('2H4N02- Glycine, negative ion 1.7.8, 1.9 .. 5 

('2H40 Acetaldehyde 25.1.15 

('2H402 Acetic acid 6.4.5, 6.5.7, 6.6.21, 15.8.14, 

( '2HsBi03+ 

( '2HsCdO-t 

(']HSCr02+ 

('2HSCu02+ 

C2HsN02 

( '2HsN02·Ni 

( '2HSNiO+ 

('2HSO 

('2H6N20 

C2H60 

('2H60S 

(:2H602 

C2H6S2 

15.10.18 

I-Hydroxyethylbismuth(IV) ion 4.3 

I-Hydroxyethylcadmium(H) ion 5.71 

I-Hydroxyethylchromitim(llI) ion 7.288 
2-Hydroxyethylchromium(ID) ion 7.29 

2-Hydroxyethykopper(III) ion 8.67 

Glycine 1.5.19 

Glycinatonickel(ID) ion 15.33 

I-Hydroxyethylnickel(II) ion 15.21 

I-Hydroxyethyl 5.1.4, 6.103.1, 10.10.5, 
15. 1.4, 22.3.53 

2-Hydroxyethyl 8.5.24 

N-Nitrosodimethylamine 25.4.42 

Ethanol 25.4.34, 25.5.13 

Dimethyl sulfoxide 25.4.28 

Ethylene glycol 1.5.18, 1.7.7 

Dimethyl disulfide 1.5.17, 1.7.6, 25.4.27, 
25.5.12 

C2H7CU2+ 2-Ammonioethylcopper(ll) ion 8.31 

C:2H7NO 2-Aminoethanol 1.7.1 

C2HsCoN2 + Ethylenediaminecobalt(II) ion 6.29 

C2H8N2.Ni Ethylenediaminenickel(ID) ions 15.32 

C2H1SCrOS2+ Pentaaqua(ethyl)chromium(III) ion 
22_50_21 

C2H ISCr06 2+ Pentaaqua(methoxymethyl)chromium(ill) 
ion 22.3.14,22.50.23 

C2HI8CoNs022+ 
CAcetato )pentaamminecobalt(ll) ion 

5.1.27, 15.1.26, 28.2.30 

C2H20C02F3N6023+ 
Hexaamminebis(Jl-hydroxY)-Jl

(trifiuoroacetato )dicobalt(ID) ion 5. 1.29, 
15_9_2, 28_2_31 

C2H21C02F2N6023+ 
Hexaammine-Jl-( difiuoroacetato )bis(Jl

hydroxy)dicobaltCIII) ion 5.1.30, 15.9.3, 
28.2.32 

C2H22Co2FN6023+ 
Hexaammine-J..l-(fi uoroacetato )bis(J.l

hydroxy)dicobalt(lII) ion 5.1.31, 15.9.4, 
28.2.33 

C2H23C02N6023+ 
Jl-Acetatohexaamminebis(Jl

hydroxy)dicobaltCIll) ion 5.1.32, 15.9.5, 
28.2.34 

c2ol- Oxalate ion 22.50.79 

C3H3CuN02 + 2-Ammonio-l-carboxyethylcopper(n) ion 
8.30 

C3H4CU02+ 

C3HsCr032+ 

C3H7N02S 

C3H7NiO+ 

l-Carboxyethylcopper(III) ion. 8.69 

l-Carboxy-l-hydroxyethylchromium(ID) 
ion 7.34 

Acry lamide 8.5.21 

Alanine, negative ion 1.9.2 

Acetone 25.1.16,28.2.58 
Allyl alcohol 6.1.25, 15.1.40, 28.2.59 

I-Hydroxy-l-methylethylbismuth(IV) ion 
4.4 

I-Hydroxy-l-methylethylcadmiumCll) ion 
5.12 

I-Hydroxy-l-methylethylchromium(ill) 
ion 7.298 

2-Hydroxy-l-methylethylchromium(ID) 
ion 7.30 

Cysteine 22.50.71 

I-Hydroxy~ I-methylethylnickel{II) ion 
15.22 

I-Hydroxy-l-methylethyl 5. 1.5, 6.106.2, 
10.10.6, 11.2.5, 15.1.5, 19.37.5,22.3.55 

2-Propanol 6.75.1, 8.14.2, 25.4.45, 
25.5:22 

C3H9CuN20 2 Aminomethyl(glycinato )copper(II) 8.438 

C3H 11 CuN2
3+ 1,3-Diammonio-2-propylcopper(II) ion 

8.34 

C3H17CrOs2+ Pentaaqua(isopropyl)chromium(ll) ion 
22.50.22 

C3N3Ni2-

C4CoN4
2-

C4H3CuOS 

l'ris( cyano )nickelate(I) ion 15.3 

Tetracyanocobaltate(ll) ion 6.44 

1,2-Dicarboxy-2-hydroxyethy1copper(llI) 
ion 8.71 . 

Sil ver(ll)-succinate complex 1. 14 

C4H4CoN04 Iminodiacetatocobalt(II), H-abstraction pro
duct 6.59 

C4H4CUOS3- Tetraformatocuprate(I) ion 8.7,22.50.44 

C4H 4M020 1/-
Bis(Jl-oxo )bis[ aquae oxalato)

oxomolybdate(IV)(V) ion 14.3 

C4H4NNi04 Iminodiacetatonickelate(II), H-abstraction 
product 15.27 

C4H40 4 Fumaric acid 8.5.22 
Maleic acid 8.5.25 

C4HSBrCoN04 
Bromo(iminodiacetato )cobalt(III) 6.77 

C4HsBr2CoN04 -
Dibromo(iminodiacetato )cobaltate(III) ion 

6.76 
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C4H6CoNOS 

C4I\;N"0 4" 

C4Jl603~ 

C4HSNO£

C4H8N20 4Pt 

(N-Acetyl-N,.m,ethylmmno)methyl 9.7.3, 
22.37.4 

2.: Amino-2-carboxy-2-methylet~yl 9.7.2, 
22.37.3 

a':'Aminoisobutyrate negative ion 1:9.3 
. . 

cis-Bis(glycimtto )platinum(TI),H ~eaction 
product 19d4· ". , 

trans.:.Bis(glycinato )platinum(II), H reaction 
product· 19. 15: 

C4HSN204P(,1- ds-Bis(glydn~lo)plat.inum(ll),OH reaction 

product'1:9,45". ,'. ' 
tr:ans-Bis(glycinato)platimim(H), OHreac~ 

tionproduct : 19.46' . 
.,' . 

C4HSN2()4PC cis-Bis(glycimito )platinate(l) ion 19.9, 

C4H9N02 

C4H9NiO+ 

C4H90 

19.9 . .1 
tran:S'-Bis(glycinato )platinate(I) ion 19_ 10, 

19.10.t 

2:"Hydro:xy:"2':'dimethylethylbismuth(lV) 
ion 4.5·. 

2-Ethoxyethylchromium(lll) ion ",,7.33 
2~Hydroxy-l ,2-dimethylethylchromium(ID) 

ion 7;31 
2-Hydroxy-2'.2-dimethylethylchromiuin(ID) 

ion 7.32 

2-Hydr()xy':'2,2~dimethylethylcopper(ll) 

ion 8.32 

, 2';Hydroxy-2,2-dimethylethylcopper(ID) 
ion 8.70 

(X.;.Anrlnoisobutyric acid 1.5~5, t 7;2 

l-Ethoxyethylnickel(Il), ion 15.23 

l-Hydroxybutyl ,8.9~1 

2-Hydroxy-2,2-dimethylethyl 5.1.6, 
6.6.26,6.81; 1,9.7.1,10.:10.7, 15.,1.6, 
19.37.6, 22.3.52, 22~37.2 

2-Hydroxy-2,2-dimetbylethylperoxyl' 
22:37.9 ' 

2-Methyl-2~propanol 17.9.2 

C4HlOOS 

C4Hio02 

C4H10S2 

Diethylsulfoxi<ie,·25A. t6 

tert-Butjil··.hydrop·etoXide:·<···7.3.3' 

Diethytdisulfide . '1;5;'8/d~t5i25A:'15, 
25~5:9 

C 'H 'C N3+ 2-AInmonio-2,2" 411 r .. 
dimethYletnYlchr()lIliUm(III) iop , '7.36 

2+ 2~ Ammoriio-2~2~diinet9yle'thylc(jp'per(n) C4HllCuN,-. 
. ,Ion 8;33 

2-(\mino-~~metbylpropyl'Fonjllgate' ,!Cir 
9~Z4;22.37 .. 5 ,"e" .' , 

- .. -. -.. '~;." ~-

C4H13CIN3P! Chl~ro(dieWylenetri~W~)phlti~um(ll), H 
reactionprod~9f.'j 9: 12,': 19; 12. 1 

Chloro( diethylenetrianrirre)platinum(IIt' ()"Q 

rea(!tip,n. I)J;od~ct .,,~1~:,4P~' 
Chloro(oietllylenet;ri;amine)platillum(lJ 

19.8' 
, . 

· C4H13CoN32+ ,r>i~thyleneirlamiriepobait(ll) ion SJJ1 

C4H1 SC12l'l30Pt+ ., ..,: ',' . . .. 
. Chloro.(dietllylenetrimpi.n,e}platinum(ll), 

Cli'-~reactlQIiproduct" " " 19.~~ 

C4H lSN4Pt7t B is( ethYlenedia~ne)p~~tintllli(Jll) ion, 
'deprotomlted- " i 9337' . 

· C4H16CIN4Pt2+ 
Chlorobis(ethylene,diaIp.ine)platinUIn@) 
··ion. 19.35 

· C4H16CI2,CoN4+ " 

cis-Dichlorobis(ethylenediamine )cobalt(ID) 
ion '5: 1;10,28.2.1:3 . 

tran~-Dicliloiobis(ethylellediamirie)~ 
.cpbalt(IlI};ion'9 .. 1.f1, 2.8.2.14 

C41116CoF2N,t, .','. 
cis-Dis(ethylenediamitiC?)difluorocohnlt(Ill) 

ion. ".5. ,,1. 13,'28~2.1, 6. 

C4H16CoN42+ Bis(ethyh:nedirunine)cobalt(II} Ion 6.28 

C4H16N4Pf'" Bis(ethylenedi3.mine)platiriumV) io~19./ 

C4H16N4Pt2+ Bis(ethylenediamine)platimiin(II), Hreac-
tion 'product 19.t1 

C4H16NsOsRu . 
Pentaammitie( acetylepedicarboxylato)-

ruthenium(ln),OH-a4auct 22.70 

C4H 18CIN4°Pt2+ . , ' ..... , ..' _ 
"B is( ethy lene<iiamine )platinuni(Il), C12' 

reaction product . . '1,9.34 

C4HlSCoFN402+ ", 
Aquabis( ethy lenediainine )fluorocobalt(ID) 

ion 5.1.14, 28.2.17 

C4HlSCoNS04+ 
. Pentaammine(fum~to )cobalt(III) ion 

5. 1.22, 28.2.25 
2+ ' 

C4H19CICoNS .' . ..... .' ... ' . ,',. .. 
cis-Amminechlorobis( etqylenedlamme)-

cobalt(lll) iOli5;1.15,28.2.18 
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"~"H"· 'C' N 0 2+ '~4.'19.'o 6' 2 
cis-Nitroamminebis(ethylenediamine )~ 

cobalt(Ill) ion 5.1.16,28.2.19' 

C4H19N402Pt2+ 
. . Aquabis(ethylenediamine )hydroxy-

platinum(III) ion . 19.36,,, 

~4H2oN402Pt3+ 
. .. Djaquabis( ethylenediamine )platinum(ll) 

...• ' ... ' 2 
f!4N4Ni -

~!::=~ 
.\' ...•.... 4-
:~5c:ICoNs 
:,~~p~N$~~ 
"' .. ": 4-
'§SCoNs 
P~F~N:;3-" 
, ..... '. ...... 3 
F5re~60 ~ 

95~~N2()2-
.C5~6N2 

~~5HiC()Oi+ 
:CsH7Cr02+ 

(3.sH1N30 

f.;sHs02"-

tsH9 
r;sH9~r02 2+ 

l~5,~9Ni+ 
Ps1I90f~ 

}<:sHu N02S 
':'¢SH13CuN20 2 

.. lon:. 19.38 

Tetracyanonickelate(ll) ion 22.3.29 

Tetracyanonickelate(I) ion 15.2 
." _.", . ~ -. , 

'l'ettacyanophttinate(I) ion 19.6 

Chloro(pentacyano )cobaltate(II). ion 6.42 

P~ntacyano~obaltate(II) ion 6.43. 

Pentakis(cyano";c)coJ~~ltate(I) ion 6.2 

j~ent~cyarioferrate(II) iong. 8 

Pentacyanollitrosylferrate(ll)· ion 9.7 -

1-J>yrimidinecarboxylate ion .15.1.43 

~-Methylpyrazine .. 9~6;1 

Acetylacetonatocobalt(ll) ion 6.38 

AcetonylacetonatochrOnlllllu(ll) ion 7.26 

'l-Methylcytosine 25.S: 18 

2~Car1:jb.xy-2~2:,dimethyieili;'lcmi()n . 9.?6, 
22.37.7 

Cyclopentyl 15. 1.7 

2:"Carboxy-2,2':dimethylethylchromium(ll) 
'ion 7.35' . 

2-Carboxy-2,2-dimethy lethylcopper(ll) 
ion 8.37 

2-Carboxy -2,2-diniethylethy lcopper(Ill) 
ion'· 8.72 

CycloperitylnickeI(ll) ion 15.24 

Trimethy lacetate ion 1.5.31, 1.7.9 

Methionine 1.5.20,25.4.36 

~-Alaninato(2-aminoethyl)copper(ll) 
8.B3 . 

C:SH13CuN204+ 
Bis(glycinato )methylcopper(ll} ion 8~82 

C5H14CICrNOs3+ 

~5H 15CrNOS 3+ 

Pentaaqua(3-chloropyridine )chromium(ll) 
ion .22.3.20 

Pentaaqua(pyridine)chromium(ill). ion 
22.3~J9 

CSH21CoN603+ . 
Peritaammine(pyridine)cobalt(ll) ion, OH 

adduct 6.95 

CjH23C02NS043+ 

C6H4BrO 

C6H4CIO 

C6H4Cu02 

C6H5N02 

C6HsN02-

J.!-4-Pyrimidinecarboxylatobis[hydroxo~ 
tris(ammine )cobalt(Ill)] ion 15.1.28 

J.!-5~Pyrimidinecarboxylatobis[hydro~o
tris(ammim~)cobalt(ll)] ion 15.1.27 

Trioxalatocobaltate(ill) ion 6.1.11, 17.3.8 

Ferricyanidejon, 3.·1.3,6.98.1, 8.84~3,· 
9.13.2,9.34, 15.28.2,22.24.2,25.1.6, 
25.2.6, 28.6.4 

Ferrocyanide ion 9.49.8, 19.3t 1, .19.37.3, 
19.45.3,19~46.4, 22.46.1, 22.50.53, 
28.13.3, 28. 15.,4 

4-Bromophenoxyl 22.3.44 

4 Chlorophenoxyl ~2.3.47 

4..;Hydroxyphenoxyc()pper(ll) ion, conjugate 
base 8.40 

4-HydroxyphenoxycoppertID) ion,conju
. gate base 8.78· 

4-Iodophenoxy122.3.56 . ~ 

1,4-Benzoquinone 1 ~2.7, 5. 1.50, 6.1.28; 
7.2.5, 8.15.10, 10.6.3, 10.7.1,10.8.4, 
10.9.1, 1.0.10.8, 10.11.3,10.12.3,10.13.1, 
15.1.41, 15.8.16, 15.10.20, 17.2.3, 
22.3.41,22:35.3,25.1.17,28.2.61 

l,4-Benzosemiquinone, radical ion 
28.22.2 

Nitrilotriacetatocobaltate(ll) ion, H-
abstraction product 6.60 

2-:-Hydroxyphenoxycopper(ll) ion 8.76 
3;..Hydroxyphenoxycopper(ll) ion . 8. 77 

Nitrilotriacetatomanganate(ll) ·ion. H-
abstraction product 13.9 

Nitrilotriacetatonickelate(II), H-abstraction 
product 15.29 

Nitrobenzene 1.1.12, .1.2.10, 1.3.9 

Nitrobenzene radical anion . 28. 15. 12 

C6HSN06Zn-- Nitrilotriacetatozinc(II) H.,.abstraction pro
duct 28.10 

PhenoxyI22.3.63 

C6H6AgN06 - Nitrilotriacetatoargentate(ll) 1.12 

C6H6CdN06
2-

Nitrilotriacetatocadmium(I) ion 5. 10 

C6H6CoN06
2-

Nitrilotriacetatocobaltate(I) ion 6.3 

C6H6CuN06 - Nitrilotriacetatocuprate(ll) ion .8.46.2 

C6H6NNiOl- Nitrilotriacetatonickelate(I) ion 15. 17 

.L Phvs_ ChQm. RQf. Data. Vol. 24. No.3. 1995 
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1,2-Benzenediol 13.15.3, 13.18.3 
1,3-Benzenediol 13.15.4, 13.18.7 
l,4-Benzenediol 22.50.76, 28.?2.4 

Ascorbate radical anion 6.13.1, 6.14.1 

Ascorbate ion 13.14.1, 13.17.1, 13.19.1, 
13.20. 1, 15.45. 1 

C6HgBrCoN07 -

C6HgN20 2 

C6H10Cu-t-

C6HlOCuNOs -

Aqua(bromo )nitrilotriacetatocobaltatc(ill) 
ion 6.107 

I-Methylthymine 25.5.20 

Copper(ll) ion, complex with cyclohexene 
8.39 

cis-Diaqua(nitrilotriace,tato )copper(ll) ion 
8.84.4, 8.85.1, 8.86.1 

C6HlOMnN20 6 -
Peroxido( ethy lenediaminediacetato)

manganate(III) ion 13.27 

C6H 1 oMo2N20 gS2 2-

C6H12CoN30 6 

Bis(/l-oxo )bis[ (cysteinato)
oxomolybdate(V)] ion 28.2.48 

3,3' -Thiodipropionic acid 25.4.50 

2-Hydroxycyclohexyl 8.39.1 

Tris(glycinato )cobaltate(ll) ion 6.45 

C6H 1202 cis-l,2-Cyclohexanediol 1.7.3 
trans-l,2-Cyclohexanediol 1.7.4 

C6H14CrN20s3+ 

C6H14CuN204 + 

C6H14CuN204-

C6H14CuN404 + 

C6H140S 

C6H140 2S 

C6H1SCuN2+ 

C6HlSCuN205 

Pentaaqua(3-cyanopyridine )chromium(ID) 
ion 22.3.21 

Bis(alanine)copper(III) complex 8.58 

Dis(alaninato)cupratc(I) 8.10 

Bis(~-alanine )copper(llI) complex 8.59 

Dipropyl sulfoxide 25.4.33 

3,3' -Thiodipropanol 25.4.49 

2-(Dimethy lammonio )ethylcopper(II) ion 
8.36 

Bis(alaninato)hydroxycopper(II) 8.10.1 

C6H1SN03 Triethanolamine 22.50.83, 22.59.9 

C6H16CrNOs3+ 

C6H17CrNOs3+ 

Pcntaaqua( 4-pyridiniomcthyl)chromium(ill) 
ion 22.3.17 

Pentaaqua( 4-methylpyridine )chromium(lll) 
ion 22.3.18 

C6HlgCoN42+ Triethylenetetraminecobalt(II) ion 6.32 

C6HlSCoNs02 + , 

C6H19CoN40+ 

Nitrito( triethy lenetetramine )cobalt(ll) ion 
6.34 

Hydroxytriethylenetetraminecobalt(II) ion 
6.33 

C6H20C12N202Pt 
cis-Dichlorobis(isopropy lamine )-trans

dihydroxyplatinum(IV), OH reaction pro
duct 19.49 

C6H2oCl2N202PC 
cis-Dichlorobis(isopropylamine )-trans

dihydroxyplatinate(ill) ion 19.24 

C6H22CoN7023+ 
Pentaammine(isonicotinamide )cobalt(III) 

ion, OH adduct 6.97 
Pentaammine(nicotinamide )coba1tCill) ion, 

OH adduct 6.96 

C6H24CoN62+ Tris(ethylenediamine)cobalt(ll) ion 6.27 

C6H24CoN63+ Tris(ethyl~nediamine)cobalt(lII) ion 5.1.9. 
6.104, 6.6.7, 7.6.1, 7.15.1, 7.16.1, 8.16.2, 
15.1.9, 15.8.2, 15.10.3, 17.3.7, 22.3.4, 
28.2.12 

C6N60S4-

C6N6Ru3-

C7H40 3-

C7H50 3-

C7H6CICu2+ 

Hexacyanoosmate(II) ion 22.46.2 

Hexacyanoruthenate(ID) ion 22.46 

4-Carboxyphenoxyl, conjugate base 
22.3.46 

Sesamol, conjugate base 9.34.5 

(4-Chloropheny 1 )methylcopper(ID) ion 
8.75 

C7H6FeN09
2- Carboxylato(nitrilotriacetato )ferrate(ID) 

ion 9.29 

C7H7Br 

C7H7Cu2+ 

C7H7Cuol+ 

C7HllCoN07 

C7H11CoNOg-

C7H11CuN08-

Benzyl bromide 7.3.2 

Benzylcopper(III) ion 8.74 

3-Hydroxy-5-methylphenoxycopper(ID) 
ion 8.79 

3-Methylphenoxyl 22.3.61 
4-Methylphenoxyl 22.3.62 

3-Methoxyphenoxyl 22.3.59 
4-Methoxyphenoxyl 22.3.60 

Pheny lthiourea 25.4.43 

Anisole 1.5.7, 25.4.13 

Aqua(methyl)nitrilotriacetatocobaltate(ID) 
ion 6.101 

Aqua(hydroxymethy 1 )nitrilotriacetato
cobaltate(III) ion 6.102 

cis-Aqua(hydroxymethyl)(nitrilotriacetato)
cuprate(III) ion 8.84 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1281 

C7H 11 FeN07- Aqua(methyl)nitrilotriacetatoferrate(ill) 
ion 9.28 

C7HUMnN07 -
Aqua(methyl)nitrilotriacetato

manganate(ID) ion 13.28 

C7H 17CrOS 2+ Pentaaqua(benzyl)chromium(III) ion 
22.3.16, 22.50.26 

C7H19CoN604+ 
Pentaammine( 4-nitrobenzoato )cobalt(ill) 

ion, electron adduct 6.67 

C7HI9CuNl+ 2-(Dimetbylammonio)-1-

CgH4N2 
CgH6NO-

CgH7NO 

CSH70 3-

CgH9N2NiOs 2-

( dimethylammoniomethyl)ethylcopper(ll) 
ion 8.35 

l,4-Dicyanobenzene 25.2.14 

5-Hydroxyindole, conjugate base 9.34.2 

5-Hydroxyindole 12.5.1 

2-Methoxybenzoate ion 1.6.7 
3-Methoxybenzoate ion 1.6.8 
4-Methoxybenzoate ion 1.6.9 

A(;e;;luphe;;num: 5. 1.56, 5.3. 1 

2,6-Dimethy lbenzosemiquinone, radical 
ion 28.22.3 

2-Methoxybenzoicacid 1.5.21, 25.4.37 
3-Methoxybenzoic acid 1.5.22, 25.4.38 
4-Methoxybenzoic acid 1.5.23, 25.4.39 

(4-Methylphenyl)methylcopper(ID) ion 
8.81 

(4-Methoxyphenyl)m~thylcopper(ill) ion 
8.80 

Bis(iminodiacetato )nickelate(ll), H
abstraction product 15.28 

CgH90 4-Ethylphenoxyl 22.3.51 

CgH lOCoN09 2-

4-Ethoxyphenoxyl 22.3.50 

2,6-Dimethoxyphenoxide ion 9.36.2 
3,4-Dimethoxyphenoxide ion 9.34.1 
3,5-Dimethoxyphenoxide ion 9.36. 1 

Aqua( carboxymethyl)nitrilotriacetato
cobaltate(III) ion 6. 104 

N ,N-Dimethyl-4-nitrosoaniline 5. 1.68 

CgHlON20 3S Sulfacetamide 25.4.47 

1,2-Dimethoxybenzene 1.5;9, 25.4.18, 
25.5.10 

1,3-Dimethoxybenzene 1.5.10,25.4.19 
l,4-Dimethoxybenzene;; 1.5.11, 25.4.20, 

25.5.11 

l,4-Dimethoxybenzene radical cation 
12.3.3, 25.4.21 

CSH 1003 3,4-Dimethoxyphenol 9.38.2 

CgH12CUOg3- Tetraacetatocuprate(I) ion 8.8,22.50.45 

CgH 13CoNOS-

CsH 13CuN°S-

Aqua( I-hydroxyethy 1 )nitrilotriacetato
cobaltate(ill) ion 6. 103 

cis-Aqua( I-hydroxyethyl)(nitrilotriacetato )-. 
cuprate(ill) ion 8.85 

CSH16CrF30S2+ 
Pentaaqua[4-(trifluoromethyl)benzyl]

chromium(ID) ion 22.50.25 

CSH16CrNOS3+ 

CSHlSCuN204+ 

Pentaaqua( 4-cyanobenzy l)chromium(ill) 
ion 22.50.24 

Bis( a-aminobutyric acid)copper(ill) com
plex 8.60 

Bis( a-aminoisobutyric acid)copper(ill) 
complex 8.63 

Bis(f3-aminobutyric acid)copper(ill) com
plex 8.61 

Bis(y-aminobutyric acid)copper(ID) com
plex 8.6? 

C8H19Cr052+ Pentaaqua(4-methylbenzyl)chromium(ill) 
ion 22.50.27 

C8H23CoN 50 3S+ 
O-Sulfito( tetraethylenepentamine)

cobalt(ill) ion 6.109 

CSH23CoN7032+ 
Pentaammine[4-(aminocarbonyl)-1-

(carboxymethyl)pyridinio ]cobalt(ill) radi
cal anion 6.68 

CgH23CoN7033+ 
Pentaammine[ 4-( aminocarbony 1)-1-

(carboxymethyl)pyridinio ]cobalt(ID) ion 
6.68.1 

CgH24CoN70l+ 
Pentaammine[4-(aminocarbonyl)-1-

(carboxymethy I )pyridinio ]cobalt(ID) radi
cal, protonated 6.69 

CsH26CoNl+ Bis(diethylenetriamine)cobalt(ll) ion 6.30 

CgH34C02N9023+ 
~-Amido-~-peroxidotetrakis

(ethylenediamine)dicobalt(ill) ion 
6.112, 22.50.16 

CgH34C02N9024+ 

CgMoNg
3-

C9H9I2N03 

C9H90 4-

~-Amido-~-superoxidotetrakis

(ethylenediamine)dicobalt(ill) ion 
5.1.28 

Octacyanomolybdate(V) ion 14.4 

3,5-Diiodotyrosine 25.4.17 

2,3-Dimethoxybenzoate ion 1.6.2 
2,4-Dimethoxybenzoate ion 1.6.4 
2,6-Dimethoxybenzoate iOIl 1.6.5 
3,4-Dimethoxybenzoate ion 1.6.3 
3.5-Dimethoxybenzoate ion 1.6.6 
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C9H11N03 

C9H 110 

2,3-Dimethoxybenzoic acid 1.5.12, 
25.4.22 

2,4-Dimethoxybenzoic acid 1.5.14, 
25.4.24 

2,6-Dimethoxybenzoic acid 1.5.15, 
25.4.25 

3,4-Dimethoxybenzoic acid 1.5.13,· 
25.4.23 

3,5-Dimethoxybenzoic acid 1.5.16, 
25.4.26 

Tyrosine 28. 15. 14 

2,4,6-Trimethylphenoxyl 22.3.65 
4-Isopropylphenoxyl 22.3.57 

Trimethylhydroquinone 22.50.84 

1,2,3-Trimethoxybenzene 1.5.24, 25.4.53 
1,2,4-Trimethoxybenzene 1.5.25, 25.4.54 
I,3,5-Trimethoxybenzene 1.5.26, 25.4.55 

4-Methoxy-N,N-dimethylaniline radical 
cation 22.3.58 

C9H13N20 9P Uridine 5'-monophosphate radical 22.35.4 

C9H 15B2CoF 4 Bis( dimethy Iglyoximato )methy Icobalt(ID) 
difluoroborate 22.3.11 

C9H15CoNOs -

C9H15CuNOs-

Aqua(I-hydroxy-I
methylethyl)nitrilotriacetatocobaltate(ill) 
ion 6.106 

cis-Aqua( I-hydroxy -I-methy lethy 1)
(nitrilotriacetato )cuprate(ID) ion 8.86 

C9H lSN4Pt2+ Diethy lenetriamine(pyridine )platinum(ll) 
ion 19.41.2 

C9H20N40pe+ 
Diethylenetriamine(pyridine)platinum(ll) 

ion OH-adduct 19.41 

C9H22N4Ni+ 1,4,7,10· Tetraazacyclotridecanenickel(l) 
ion 15.4 

C9H22N4Ni 3+ 1,4,7, I 0-Tetraazacyclotridecanenickel(Ill) 
ion 15.35 

C9H22N6Ni+ 3,7-Bis(2-aminoethyl)-1,3,5,7-
tetraazabicycl 0 [3.3.1 ]nonanenickel (I) ion 
15.16 

C9H22N6Ni3+ 3,7-Bis(2-aminoethyl)-1,3,5,7-
tetraazabicyclo[3.3.1 ]nonanenickel(ID) 
ion 15.55 

C9H25CoN7032+ . 
Pentaammine[ 4-( aminocarbony 1)-1-( 1-

carboxyethy l)pyridinio ]cobalt(ill) radical 
anion 6.71 

C9H2SCoN7033+ 
Pentaammine[ 4-(aminocarbony 1 )-1-( 1-

carboxyethyl )pyridinio ]cobalt(lll) ion 
6.70.1, 6.71.1 

C9H26CoN7033+ 

C10H60 3 

ClOH7N03
2-

Pentaammine[ 4-( aminocarbonyl)-I-( 1-
carboxyethyl)pyridinio )cobalt(ill) radical, 
protonated 6.71 

1,4-Naphthoquinone-2-sulfonate ion· 
5.1.67, 6.1.30 

2-Hydroxy-l,4-naphthoquinone 5.1.64 

5-Hydroxyindole-3-acetate ion, conjugate 
base 9.34.3 

ClOHsCoN2 + 2,2' -Bipyridinecobalt(I) ion 6.9 

ClOHsCoNl+ 2,2' -Bipyridinecobalt(JI) ion 6. 1. 13, 
22.3.5 

2,2' -Bipyridine, conjugate acid 6.11.1, 
22.3.42 

ClOHlOCo Cobaltocene 6.65 

ClOHl1CoN20S2-
Ethy lenediaminetetraacetatocobaltate(ll) 

ion, H-abstraction product 6.61 

ClOHl1MnN20g2- . 
Ethy lenediaminetetraacetatomanganate(ll) 

ion, H-abstraction product 13.10 

ClOHI1N2Ni062-
Ethylenediaminetetraacetatonickelate(ll), 

H-abstraction product 15.30 

Cl(jHl1N20- Serotonin. conjugate base 9.34.6 

ClOH 11 N20 SZn2-
Ethy lenediaminetetraacetatozinc(ll) H

abstraction product 28. 11 

ClOHl1OS - 2,3,4-Trimethoxybenzoate ion 1.6.10 
2,4,5-Trimethoxybenzoate ion 1.6.12 
2,4,6-Trimethoxybenzoate ion 1.6. 13 
3,4,5,-Trimethoxybenzoate ion 1.6.11 

ClOH 12AgN20 s 2-
Ethy lenediaminetetraacetatoargentate(ll) 

1.13 

ClOH12CdN2083-
Ethylenediaminetetraacetatocadmate(I) 

ion 5.7 

CIOH 12CoN2082-
Ethylenediaminetetraacetatocobaltate{ll) 

ion 6.48,22.50.2,28.14.2 

CIOH 12CoN20 1O 2-
Ethy lenediarninetetraacetatocobaltate(ill) 

ion, superoxide adduct 6.79 

ClOH12CoN20103-
Ethylenediaminetetraacetatocobaltate(TI) 

ion, superoxide adduct 6.58 

CIOH 12CuN20 S 3-
Ethylenediaminetetraacetatocuprate(I) ion 

8.9 

C lOH12MozN20 12
2
-

Bis(J..L-oxo)( ethylenediaminetetraacetato)
bis[oxomolybdat.~(V)]ioll 28.2.47 
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C,OH12Mo2N20123-
Bis(f.l-oxo)( ethylenediaminetetraacetato)

bis[oxomolybdate(IV)(V)] ion 1.4.2 

C I oH 12N2NiOs -
Ethylenediaminetetra::lcetatonickelate(m) 

ion 15.70 

C I oH 12N2NiOs 2-
Ethy]enedi::lminetetra::lcetatonickelate(TI) 

ion 15.30.1 

CIOH12N20S0S-
Ethy lenediaminetetraacetatoosmate(TII) 

ion 22.3.32 

CloH12N20gPb2-
Ethylenediaminetetraacetatoplumbate(TI) 

ion 5.7.7 

C lOH120 2 Duroquinone 5.1.62, 5.2.4, 5.3.5, 5.4.3, 
5.5.2, 22.3.49 

2,3,4-Trimethoxybenzoic acid 1.5.27, 
25.4.56 

2A.5-Trimethoxybenzoic acid 1.5.29, 
25.4.58 

2,4,6-Trimethoxybenzoic acid 1.5.30, 
25.4.59 

3,4,5-Trimethoxybenzoic acid 1.5.28, 
25.4.57 

C lOH13N2NiOl-
Hydroxy ( ethy lenediaminetetraacetato)-

nickelate(Ill) ion 15.71 

ClOH13NS04 Adenosine 25.5.4 

ClOH13NS0 5 Guanosine 25.5.15 

ClOH14Co04 Bis(acetylacetonato)cobalt(ll) 6.37 

CloH14Cr04 Bis(acetylacetonato)chromate(ll) 7.25 

ClOH14N2Ni09 
Aqua( ethy lenediaminetetraacetato)

nickelate(ill) ion 15.72 

ClOH14N506P 2' -Deoxyadenosine 5' -monophosphate 
25.5.7 

ClOH14N507P 2'-Deoxyguanosine 5'-monophosphate 
25.5.8 

tert-Butylhydroquinone 13.15.2, 13.18.2 

ClOH140 4 1,2,4,5-Tetramethoxybenzene 25.4.48 

ClOH16CrN20l+ 
Tetraaqua(2,2' -bipyridine )chromium(ill) 

ion 22.3.23 

ClOH 16N2 N,N,N',N' -Tetramethyl-p-phenylene-

ClOH16N206Pd-

diamine 9.34.7, 9.35.1, 9.36.3, 9.37.1, 
9.38.1 

Bis(hydroxyprolinato )palladate(I) ion 
18.2 

CloH16N208 Ethylenediaminetetraacetate ions 
22.50.74,22.63.1,22.85.2,.22.66.1, 
22.67.1, 28.14.15 

ClOH 17CoNOg-
Aqua( l-ethoxyethyl)nitrilotriacetato

cobaltate(m) ion 6.105 

ClOH1SCrN20l+ 
Tetraaquabis(pyridine)chromium(m) ion 

22.3.22 

ClOH22CdN203 + 
1 A.l 0-Trioxa-7 .13-diazacycIopentadecane

cadmium(I) ion 5.2 

C10H23N sNi02+ 
9-Methyl-9-nitro-l,4,7,11-

tetraazacyclotridecanenickelCll) ion, elec
tron adduct 15.5 

CloH23NsNi023+ 
9-Methyl-9-nitro-l,4,7,11-

tetraazacyclotridecanenickel(ll) ion 
15.36 

ClOH24CdN4 + 1,4,8,11-

ClOH24CoN42+ 

Tetrazacyclotetradecanecadmium(I) ion 
5.6 

1,4,8,11-Tetraazacyclotetradecanecobalt(ll) 
ion 6.49, 22.50.5 

1,4,8,11-Tetraazacyclotetradecane
cobal~(lTI) ion 7.4.5, 7.6.4, 7.B.3, 7. 11.3, 
7.15.2, 7.16.4,.7.17.1 

ClOH24CoN4022+ 
. 1,4,8,11-Tetraazacyclotetradecanecobalt(ll) 

ion, dioxygen adduct 6.63 

C lOH24CuN4 + 1,4,8,11-Tetraazacyclotetradecanecopper(I) 
ion 8.13 

ClOH24N4Ni+ 1,4,8,11-Tetraazacyclotetradecanenickel(I) 
ion 15.6 

1,4,8,11-Tetraazacyclotetradecane
nickel(Ill) ion 15.42 

C lOH24N4Zn + 1,4,8,11-Tetrazacyclotetradecanezinc(I) 
ion 28.3 

CloH2SCI2MnN40+ 

C1oH2SCuN/+ 

CloH26CrN402 

Dichlorohydroxy( 1,4,7, Il-tetraazacyclo
tetradecane )manganese(JV) ion 13.33 

1,4,8,11-Tetraazacyclotetradecane
(hydrido )copper(ll) ion 8.53 

trans-Dihydroxy-l ,4,8, 11-
tetraazacyclotetradecanechromium(ll), 
OH reaction product 7.38 

C lOH27CoN70l+ 
Pentaammine[ 4-( aminocarbonyl)-l-( 1-

carboxypropyl)pyridinio lcobalt(TII) radi
cal anion 6.72 
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ClOH27CoN703 3+ 
. Pentaammine[ 4-( aminocarbonyl)-l-(1-

carboxypropy 1 )pyridinio ]pobalt(lll) ion 
6.72.1, 6.73. 1 

ClOH2SCoN7033+ 
Pentaarinnine[4-(aminocarboriyl)-1-(1-

carboxypropyl)pyridinio ]cobalt(ll) radi
cal;protonated 6.73 

ClOH2sCrN4022+ 
trans-Diaqua-l,4,8,11- . 

tetraazacfclotetradecanechromium(ll) 
ion ··7.3 . 

C lOH30CoN70l+ . . 
Pentaammine(l-L-prolyl-L-proliriato)

cobalt(lII),jon. 22.-4- 1 

ClOH32CrN603+ 
cis-Diammine(aqua)(1,4,8,1l ~ 

tetraa7Jlcyc1otetradecane )chromium(ill) 
ion ·7.37. 

2-Methyl~1,4-naphthoquinone '5.1.65, 
6_ 1_29, 6_ 6_28, 6_ 67_2, 8_47.4, 15. 1,.42, 
17.2.4,,28.:2.62 

CII H9Fe02 Carboxyferricenium '9.35 

CllHllN2 I-Methyl-4,4'-bipyridinyl 22~50.77 

CUHllN203 - ·5-Hydroxytryptophan,conjugatebase 
9.34.4 

~Cl1H12Fe+ Hydroxymethylferricenium . 9.37 

CU H12N"202· Tryptophan., 15.34.1, 28.15; 13 

CIIHISFeN20l--
.Carboxylato(2:hydroxyethyl

ethylenediaminetriacetato )ferrate(ll) ion 
9.30 

CII H20CoN20 9 ~ 
Aqua(hydroxymethyl)[N-(2-hydroxyethyl)

N,N' ,N' -ethylenediaminetriacetato];.. . 
qobaltate(ll) ion 6.108 

CII iJ21 BrF3N4Ni02+ 
Aquabromo-ll.;.methyl-l.1-
(trifluoromethyl)~ 1,4,7, 10-tetraaza
cyc1otndeca-l 0, 13-dienenickel(III) ion 
15.39 

11 ,1 3-Dimethyl-l,4,7, 1 O-tetraaza
cyc1otrideca-l 0, 13.;dienenickel(ll) ion, 
conjugate base 15.38 

CII H22F3N4Ni022+ 
Diaqua~ 11-methyl-13:(trifluoromethyl)-

1,4,7, 10-tetraazacyclotrideca-l 0, 13- -
dienenickel(ll) ion, conjugate base 
15.40 

11, 13-Dimethyl-l,4, 7, 1 O~tetraazacyclotri
deca-l 0, 13.;dienenickel(ll) ion 15.37 
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·C11H26CoNl+ 
1,4,8,12~ Tetraazacyclopentadecane~ 
c()ba.lt(II)ion;22.5Q;9· 

CllH26CoNl+ , 

ClllIi6N"4Ni3t 

. C1 j H27N sNP+ 

-Pentaamtnine(l~me~hyl-4A' -
bipyridinium)cobhlt(llI) ion,electrol 
adduct 6.66 

1,4·,8,12-Tetraazacyclopentadecane
nickel (III) ion 15.51 

1;4,7,10,13-pentaaza.cyclohexadecane
nickel(IU) ion 15.5~ 

CII H29N4Ni02+ 
Aq~amethylU~4,8,11 ~tetraaza..; 

cyclotetradecarie)nicj{el(Ill) ion' 15.41 

Cl2H6Ni02 1,1 O-Phenanthroline .. ,s.,6..;dione. 25~5.21 

C12HsF~04:

Cl2H9NO 

Cl2H90 

C12H10S 

C12HlOSe 

C12HlOTe 

CI2HuN3S+ 

IJ''';I)icarbo~Yfepi~ei111l1n 9.36 

3-Behzoylpyridi6e- 6.6.23, 15.8.17, 
. 15.JO.27t •. 

4-Phenylphenoxyf .•. 22;3.64 

Qiphenyl sulfide 25.4.31··· 

Diphenylselenide. 25.4.30 

DiphenyiteIluride~ .. -2~.4._32. ., 

Thioninesemlquinone;c()njugate ~onoa
cid6.99~1,.13;11.1 

C12H12CoN2+ 4,4/~:OiInethyl-2,2'~bipyrldinecobalt:(I) ion 
6.12 

CI2H12CoNl+ . . 
4;4'~Dimethyl-2,2' -bipyridinecobalt(ll) ion 

B.t 14, 22.3.6. 

Cl2H lZNZ ;Co 4,¥ -Dimethyl.;.2,2'..;bipYridinecobalt(I)· ions 
6.13 

C 12HUNz + 4,4' -Dimcthyl .. :2;2'-:bipyridinc,conjugatc 
monoacid . 6;1 6.2 

C12H14N2+ 1,1/~I>imethyl..;4,4'..;pipYridiniumradical 
cation 9;32.1,12.4~1, 22.47.2, 22;50.73, 
22.63.2, 22.64.1,22.65.1 j 28.14.8,·28.15.9 

C 12H14Nl+ 1,1/-Dimethyl-4;4'~~~pyridinium. 7;3.1, 
9.3.2,9.4;2,21.11.5,22.3.48, 22.6.1, 
22.7; 1,22.8.1,22:9.1,22.10.1, 22.11.1, 
22. 12.2,22. 13. t, 22.14; 1, 22.15. 1; 
22.16.1,22.1-7.1,22.'18.4,22.19.1; 
22.20.1, -22.21~1, 22.22.1,22.23.1, 
22.28.2, 23.1. 1 

CI2HISCI2N606Pt+ , 
cis~[Dichlorobis( 1.;(2.;.hydroxyethyl)-2-

methyl.;5-nitroimidaZole.;N3)]platinuin(ll) 
ion 19A8 
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5,7-Dimethyl-l,4,8,11-tetraaza
cyc1otetradeca-4,7 -dienenickelfll) ion 
6.100.5 

C12H26CdN204 + 

C12H29CIN3Pt+ 

1,4,10,13-Tetraoxa-7, 16-
diazacycloctadecanecadmium(I) ion 5.3 

C13H27N7Ni02 + 
8-MethyI-8-nitro-l ,3,6, 10,13,15-

hexaazatricyc1o[13.1.1.1 13,15]octadecane
nickel(ll) ion, electron adduct 15. 14 

C13H27N7Ni023+ 
8-Methyl-8-nitro-l,3,6, 1 0, 13, 15-

hexaazatricyc1o[ 13 .1.I.1 13,15]octadecane
nickel(ll1) ion 15.53 

Chloro( tetraethyldiethylenetriamine )platinum(llX:13H29N7Ni+ 
H reaction product 19. 13 

8-Amino-8-methyl-l,3,6,10,13,15-
hexaazatricyc1o[13.1.1.1 13,15]octadecane
nickel (I) ion 15.15 C12H29CoN32+ 

C12H30CoN82+ 

C12H30CoN83+ 

Cl?H30NgRh2+ 

Tetraethyldiethylenetriaminecobalt(ll) ion 
6.35 

(Methyl)-I,4,8,12-tetraaza
cyclopentadecanechromium(lll) ion 
22.50.28 

1,3,6,8,10,13,16,19-0ctaazabicyc1o[6.6.6]
eicosanecobalt(ll) ion 6.54,22.50.4, 
22.55:3,22.57.1,22.59.3 

1,3,6,8,10, 13,16,19-0ctaazabicycIo[6.6.6]
. eicosanecobalt(ID) ion 22.3.9, 22.18.1, 

22.19.2 

Bis( 1,4,7 -triazacyclononane )nickel(ill) ion 
15.34 

1,3,6,8,10,13,16,19-0ctaazabicyclo[6.6.6]
eicosanerhodium(ll) ion 21.9 

C12H~2Cl,N10Pt+ 
Chloro( tetraethy ldiethy lenetriamine)

platinum(ll), CI2'- reaction product 
19.42 

C12H33CIN302Pt+ 
Chloro( tetraethy ldiethy lenetriamine )

platinum(ll), OH reaction product 19.43 

C13HgO 9-Fluorenone 5.1.63, 5.3.6, 5.4.4, 5.5.3, 

CnHgNO 

C13HlOO 

C 13H llNS 

C13H13N20 

C13H14N2+ 

6.6.24 

6-Aminophemilenone 1.5.6, 25.4.12 

Benzophenone 5. 1.59, 5.2.2, 5.3.3, 5.4. 1, 
5.5.1, 6.1.27, 28.2.60 

lOMethylphenothiazine 14.4.1 

N-Benzyl-3-carbamylpyridinyl 28.23.2 

1,1' -Trimethylene-2,2' -bipyridinium radical 
cation 22.50.82 

C13H15N203S I-Methyl-l '-(2-sulfonato)ethyl-4,4'-

bipyridinium radical cation 28. 14. 17, 
28.15.70 

C13HlSN303 Glycyltryptophan 25.5.16 

C13H17FeW (Dimethylaminomethyl)ferrioenium 9.38 

8-Amino-8-methy 1-1,3,6,10,13,15-
hexaazatricyc1o[13.1.1.1 13,15]octadecane-
nickel(llI) ion 15.54 . 

(Ethyl )-1,4,8, 12-tetraazacyc1opentadecane
chromium(lll) ion 22.50.29 

C14H608S22- 9,10-Anthraquinone-2,6-disulfonate ion 
6.4.6, 7.2A, 8.15.8, 15.8.15, 15.10.19 

C14H8CrN208-

9,10-Anthraquinone-2-sulfonate ion 
6.6.22, 8. 15.9 

2,2'-Bipyridinebis( oxalato )chromate(ID) 
ion 5. 1.37, 28.2.39 

C14HgCrN2082-
2,2' -Bipyridinebis( oxalato )chromate(ll) 

ion 7.21 

C14HsFeN6 - Tetracyano(2,2' -bipyridine)ferrate(ill) ion 
9.3.1,9.32 

C14HsFeN63- 2,2' -Bipyridinetetracyanoferrate(II) ion, 
electron adduct 9.S 

9, 10-Anthraquinone 5.1.57, 6.1.26 

C14HlO0 2 Benzil 5.1.58, 5.2.1, 5.3.2 

C14H14N204 + 1,1 '-Bis(carboxymethyl)-4,4'-bipyridinium 
radical cation 22.50.64 

C14H16N, + 1,1' -Tetramethylene-2,2' -bipyridinium radi-

C14H16N206S2 -

cal cation 22.50.80 

1, I' -Bis(2-sulfonatoethyl)-4,4'
bipyridinium radical anion 19.47.2, 
22.50.67,28.14.5,28.15.7 

C14H170 4 - 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylate ion 13.17.2, 13.18.4 

Cl4HlSN2 + I,1',2,2'-Tetramethyl-4,4'-bipyridinium rad-
ical cation 22.50.81 

Cl4H lSN202 1, I' -Bis(2-hydroxyethy 1)-4,4' -bipyridinium 
radical cation 22.50.65 

C14HzICuNzOI03-
(l-Hydroxybuty l)ethy lenediamine

tetraacetatocuprate(II) ibn 8.41 
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C14H24CoN4+ .2,3,9,10-Tetramethyl-l,4,8,11;. 
tetraazacyclotetradeca~ 1,3,8;10-
tetraenecob~llt(I) ion .6.4 

. 2+ 
C14Hi4CoN4 

2,3,9,10:-Tetramethyl-l ,4;8;1 l: .. tetraaza-
cyclotetradeca"I.,3,8,10-:-tetraenecobalt(IT) 
ion. 6~55j6~100.'1~13.25.1, 22.50.8 

C14H24CoN402 + 
. . 2,3,9;1 O-Tetramethy 1~1,4~8fll-tetraaz,~~ 

cyclotetradeca" 1,3,8,1 O-tetraenecobalt(n) 
ion, sllperoXideadduct. 6.56 

C14H24CuN4 + 2,3,9,10~Tetramethyl~I,4,8,11-
·.tetraazacyclotetradeca.,.1,3,8,10.;. 
tetraenecopper(I) ion .' ··8~ 16 

C14H24N4Ni3+ 
2,3,9,10-tetramethyl~1,4,8,11"~t~traaza.;. 

cyclotetradeca~J,3,8,10-tetraenenickel(n) 
iOfl< . 6.100.8 

C14H26CoN40:Z +, 
. Dihydroxy(2,3,9,10-tetrame~hyl-lA~8,11-

tetraa.za,cyc1otetradeca-l ,3;H, 1 0-
tetraene)coba1ianjion. 6.6.10,"15.8.4, 
15;10.7 

C14H28CoN4023+, 
2,3,9,10-J'etramethyl-l,4,8,11-tetraaza

cyclotetradeca-1 ,3,8, 1b~tetra~mecobalt(Ill) 
ion 15. 10.6 . . 

2+' 
C14H28FeN402 . ." 

. Diaqua(2,3,9,10~tetramethyl~I,4,8,11~ 
tetraazacyelotetradeca-1,3,8,10-
tetraerteiron(ll)' ion '9;9 

·.··24-
C14H30CoN4S3 . 

C14H32CON/+ 

8;,. Methyl.., 1,3, 13,16-tetraaza-6, 1 0, 19-trithia-
bicyclo[6.6.6]eicosanecobalt(ll) ion . 
~.53, 22.50.3 

2,3,9,10-Tetramethyl-l,4,8,11-tetraaza
cyclotetradecanecobalt(ll}ion 22.50.6,. 
22;55;2, 22.59.2 

C14H32CuN6 + 3,6,10,13,16,19-
Hexaazabicyclo[6.6.(i]eicosanecopper(I) 
ion 8:12· 

C14H32N4Ni+ 1,4,8,11-Tetramethyl-1,4,8,11-
tetraazacyclotetradecanenickel(I) ion 
1'; 7 

1 ,4,8~ 11-Tetramethyl-l,4,8, 11-tetraaza~ 
cyclotetradecantmickel(ll) ion' 22.3.28 

(1:'Methylethyl)-I,4,8~12.;.tetraazacyclo

pentadecanechromium(Ill) ion "22.50.31 
(Propyl):' 1,4,8, 12-tetraazacYclo;. 

pehtadecanechromium(Ill) ion 22.50.30 

"2+ 
Ci4H34CoN8 ....• . •...•..... '.' .... 

1;8-Diamino~3~6,tO;13-'16, 19~hexaaza~ 
:bicyC1Q[6:6.~leic.Qsah~coba.lt(ll)· ion 

6.52, 22~55.5, 22.57:2,·22.59.4 
... :' ..... :- : .... 

C14H34NgPt3+ 'l;8~DHlIiiin9~3,6,10,1~;16,19 .' 

C14H36CoNg4+ 

hexaazabiCyd()I6.6~61eicosa:lleplatinll~rrn\, 
ion't9.44;: 

·1;8;.Dianiino~3;6;lO~t3.,16d9;.hexaaza. 
'bicycl()[()~6.6]eicosanecobalt(II)· ion, con
jugate diacid 6.~1, 22.55.4. 

C~5H IiN02S- . MetiazimGa.cid,;.c~!l~llgat~base25.6.2 

ClsH1403 4A'-Dnrtetl1o~yb¢lliopherione·.·. 5.1.61, 
5;2.3, 5.3.4,:5.4:2: . 

ClsH16N3S+ TolUiaineBjue~ati~r{:'25;5.2~ 
.... ""·2+' 

C15H19BrN4Ni .: ..... , 
, BroIl1o-O:~2.12-d.imethyl-377711,17.-tetr~aza.;; 

bicYcl~[JL3.11~ep~~~ca- . " 
1(17)~2,6,11,13~15;..hexaenenickel(Ill) ion 

.~ 1$;69::' 

ClsH19Br2N4Ni+·.. . .... '.. ..' 
. Dibro1llo~a,2~12-dimethYl-3,7,H',i7"; 

tetraaza.b~cyclo[11.3~ i ]beptadeca~ 
1(17},2,6,1:r~13~15..;hexaemmickel(rn) ion 
15.66 

2+ 
C15H21BrN4NiO. ...... . 

'.' Aquabrom~-"a~2~·12;..~imethyl.;.3,7 ,11,17;. 
tetraazabicyclo[11~3.1]heptadeca:-
1 (1]),2,6, 11,13~1~~hexaen~Iliclcel(IlI}io~' 
t5~65 . 

C15H21 Co06 ~ Tris(ac'etylacet()nato)cobaltate(ll) ~oll 6.36 

C15H21Cr06 - Tris(acetylaceton.ato}chromate(ll}ion: 7.24 

C15H2106Ru - Tris( acetyiateton~t6 )rritlll=!flate(ll) ion 
'22.41 

C151I22CuN4 + <x-2,12:-DimethYl,:3,7~11,lT· 
tetraa~abicyc~~[.11.3.1]heptadeca~ 
J(17),2~lJ,13;i~~pentaenecopper(I) ion '8.'17 . . ........ , 

. C15H22N4Ni2+ 
a-2,12-Dimethyl-3,7 ,11 ,17~tetraaza-" 
'bicyclo[113~ 1 ]heptadec~-
1(17),2,11,13,15""pentaepenickel(ll) ion 
15~10.13 
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(JH~l;l22N4Ni02+ 
. . . a..;2;12,:"Djmethyl':"3;7;11,17~tetraaza-

bicyc1o[11.3.1Jheptadeca-
1(17),2;11,13,15-
penUlene(hydroxo )nickel(Ill) ion 15.60 

:;Pi~H23Bt:N4Ni02+ 
.. Aquabromo-a-2, 12-diinethyl-3, 7,11; 17-

tetraazabicyclo[l L3.1]heptadeca
l(17);2;11,13,15-pentaenenickel(ID)ion 
15.62 

/. .......... . .. . ·····2+ 
ClSlJ:23CuN40 .. 

.. - ··d-2,12~DimethYl~3~7,11,17 .. tetraaza~ 
bicyclo[l r.3;1]heptadeca~ 
1 (17,),Z,11, 13, 15-pentaenecopper(Il) ion 

, OH..,adduct·; ····8.44 

.ClSH23N"4Ni02+ 
a-2,12;.Dimethyl-3~7~11,17-tetraaza

bicyclo[ll.3~l]heptadeca~ . 
. ·l(l7},2,11,13,15-
-pentaenebis(hydroxo)nickel(I11) ion 
15.61 

ClsH26N4Nrf a-2,12~Dimethyl-3, 7 ,11~ 17~ 
tetraazabicyc:}o[ U .3.1 ]heptadeca-
1(l7),T3,15 .. trienenickel(I) ion 15.12 

~i5H27N4Ni02+ 
lIydroxy-a-2,12-dimethyl-3,7,Jl,17-
tetraazabicyclo[l1.3~ 1 ]heptadeca-
1{ 17-), 13, 15~trienenickel(Ill)ion 15.57 

ClsH2SBrN4Ni()2+ . 
Aquabromo-a-2.12-dimethyl .. ~~7~11.17-

tetraazabicyclo[11.3il]heptadeca-
1(l7),13,15~trienenickel(m)ion 15.58 

C1 ~R~oN4Ni02 3+ 

C1sH3SCrNl+ 

C16HSCrN208-

Diaqua-a-2,12-Dimethyl-3,7,11~17.,. 

tetraazabicyc1o[11.3.1Jbeptadeca-
l( 17)~13,15-trienenickel(ni) ion 15.56 

(2-Butyl)-l ,4~8, 12 .. teuaazacyclopenta .. 
. decanechromium(DI) ion 22.50.33 
(Butyl)..;! ,4,S, 12~tetraazacyclopenta.; 

decanechromium(ID) ion ·22.50.32 

His( oxalato )phenanthrolinechromate(m) 
ion 5. 1.38,. 28.2.40 

C16HsCrN20S 2 .... 
-8is(oxalato)phenanthrolinechromate(ll) 
-jon 7.23 

C16H9N20 SS- Indigomonosulfonate ion "6.4.7 

C16H12FeN6- : Tettacyano(4,4' ~dimethyl~2,2/~ 
bipyridine)ferrate(m) ion 9.4. 1 

C16H12FeN63- Tetracyano( 4,4/-dimethyl-2,2'~-
bipyrldine )ferrate(ll) ion, electron adduct 
9.4 

C16HlSN20 4+ 1 ,I' ~Bis( carboxyethyl)-4,4'~bipyridinium 
radical ion (1 +)28. 15.6 

C16HlSN3S+ Methylene Blue cation 25.5.19 

C16H lsN3S2+ C16H lsN3S+ Methylene Blue radical 
cation 6.40.2 

C16H2oN206S2-
1,I'-Bis(3-sulfonatopropyl)-4,4'

bipyridinium radical anion 19.47.3, 
22.50.68,·28.'14.6 

C16H2~N5NiOS2+ 
Aqua-a.-2, 12,;.dimethyl-3, 7,11,17 -tetraaza
-bicyc1o[ 11.3.1 ]heptadeca- . 
1(17),2,6,11,13,15~ 

hexaene(thiocyanato)nlckel(I1I) ion 
15.67 . . 

C16H22N2 + 1, l',2,2',6;6'-Hexamethyl-4,4' -l:upynctmium 
radical cation 22.50.75 -

-1,l'-DipropyI4,4' ~bipyridinium radical 
-cation 28.14.9 -

C16H23NsNiOS2+ _ 
Aqua-a-2,12=dimethyl.,.3,7, 11,17 .:.tetraaza
-bicyclo[11.3.1]heptadeca-
. 1(17),2,11,13,15-
pentaene( thiocyanato )nickel(IlI) ion 
15.63 

C16H2SN4Ni+ 5,7,7,12,,14,14.;Hexamethyl ... l,4,8,11-
tetraazacyclotetradeca.,.l ,4,8, 11-
tetraenenickel(I) ion 15. 11 

C16H2SN4Ni3+ 
5,7,7,12, 14,14-Hexametbyl-l ,4,8,11-

tetraazacyc1otetradeca...; 1 ,4,8 ,11 ~ 
tetraenenickel(m) ion 15.50 

C16H2SNsNiOS21" 
Aqua.,.a-2,12 .. dimethyl .. 3,7,11,17-tetraaza

bicyclo[11.3.l]hepladeca-1(17),13,15-
tdene(UIiu~ycinalu)nickel(m) ion .15.59 

C16H29FeNS02+ -
Acetonitrile(aqua)-2,3,9,lO-tetramethyl-

1,4,8, 11 ~letraazacyclotetradeca-l ,3,8, 10-
tetraeneiron(ll) ion. 9.8 

5,7,7,12,14, 14-Hexamethyl.;.1,4,8, U
tetraazacyclotetradeca-4,11.,. 
dienenickel(ll) ion, OR reaction product 
15.26 

C16H32BrN4Ni2+ 
Bromo(5,7,7,12,14,14-hexamethyl-

1;4.,8,11-te.traazacyclotetradeca-4.11-
diene )nickel(m) ion 15.48 

C16H32CdN20S+ 
4,7, 13,16,21-Pentaoxa-1.10-diaza-

bicyc1o[8.8.5]tricosanecadmium(I) ion 
5.4 
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C16H32CICuN42+ 
Chloro-5,7,7,12,14,14-hexamethyl-

1,4,8, II-tetraazacyc1otetradeca-4, 11-
dienecopper(III) ion 8.51 

C16H32C12N4Ni+ 
Dichloro(5,7,7 ,12,14, 14-hexamethyl-

1 A,8, II-tetraazacyc1otetradeca-4, 11-
diene )nickel(III) ion 15.4rJ 

C16H32CoN4 + 5,7,7,12,12,14-Hexamethyl-1A,8,11-
tetraazacyc1otetradeca-4,14-dienecobalt(I) 
ion 6.7 

C16H32CoN/+ 

N-meso-5,7,7 ,12,14,14-Hexamethy 1-
lA,8,II-tetraazacyc1otetradeca-4,11-
dienecobalt(I) ion 6.5 

N-rac-5,7,7,12,14,14-Hexamethyl-1A,8,11-
tetraazacyc1otetradeca-4,II-dienecobalt(I) 
ion 6.6 

5,7,7,12,12,14-Hexamethyl-1A,8,11-
tetraazacyc1otetradeca-4,14-
dienecoba1t(ll) ion 22.3.8 

N-rac-5,7,7,12, 14, 14-Hexamethyl-l,4,8, 1 1-
tetraazacyc1otetradeca-4,11-
dienecobalt(II) ion 6.5.2, 6.100.2, 
13.25.2 

C16H32CuN4 + 5,7,7, 12,14, 14-Hexamethyl-l,4,8,1 1-
tetraazacyc1otetradeca-4,11-
dienecopper(I) ion 8. 15 

C16H32CuN43+ 
5,7,7,12,14,14 Hexamethyl 1,11,8,11 

tetraazacyc1otetradeca-4,11-
dienecopper(III) ion 8.52 

C 16H32EuN20:?+ 
4,7,13, 16,21-Pentaoxa-l, 1 O-diaza-

bicyc1o[8.8.5]tricosaneeuropium(II) ion 
22.50.46 

C16H32EuN2053+ 
4,7 ,13,16,21-Pentaoxa-l, 10-diaza

bicyc1o[8.8.5]tricosaneeuropium(Ill) ion 
22.3.26, 22.29. 1 

C16H32N4Ni+ 5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacyc1otetradeca-4,11-dienenickel(I) 
ion 15.10, 15.46.1 

5,7,7,12,14,14-Hexamethyl.;.IA,8,11-
tetraazacyc1otetradeca-4,11-
dienenickel (II) ion 6. 100.7 

5,7,7,12,14,14-Hexamethyl-1A,8,11-
tetraazacyc1otetradeca-4,11-
dienenickel(lII) ion 15.46 

C16H33CoN/+ 
Hydrido-prim-N-rac-5,7,7,12,14,14-

hexamethyl .. l,4,8,11-
tetraazacyc lotetradeca -' 
4,II-dienecobalt(ill) ion 6.81 

Hydrido-N-rac-5,7,7,12,14,14-hexamethyl-
1 A,S, I1-tetraazacyc1otetradeca-4, 11-
dienecobalt(ill) ion 8.80 

C16H33CoN40+ 

C 16H33CuN/+ 

5,7,7,12,14,14-Hexamethyl-l,4,7,11-
tetraazacyclotetradeca-4,11-
diene(hydroxo )nickel(ID) ion 15.4 7 

5,7,7,12,14,14-HexamethyI-l,4,8,11-
tetraazacyclotetradeca-4,11-
diene(hydrido )copper(ill) ion 8.55 

C16H34CoN402 + 
5,7,7,12,14, 14-Hexamethyl-l ,4,8, 11-

tetraazacyclotetradeca-4,11-
dienedihydroxycobalt(ill) ion 6.6.9 

C16H3SCoN40l+ -
Aqua(5,7,7,12,14,14-hexamethyI-l,4,8,11-

tetraazacyc1otetradeca-4,11-
diene)hydroxycobalt(III) ion 15.8.3, 
15.10.5 

C J6H35N4Ni2+ . 

C16H36AgN42+ 

C16H36CoNi+ 

. 5,7,7,12,14,14-Hexamethyl-lA,8,11-
tetraazacyc1otetradecanenickel(II) ion, OH 
reaction product 15.25 

5,7,7,12,14, 14-Hexamethyl-1 A,8, 11-
tetraazacycIotetradecanesilver(II) ion 
7.4.1, 15.10.1, 15.49.1, 21.11.3 

5,7,7,12,14,14-Hexamethyl-lA,S,II
tetraazacycIotetradecanecobalt(II) ion 
6.50,22.50.7 

C16H36CuN4 + 5,7,7,12,14,14-HexamethyI-l,4,8,11-
tetraazacyc1otetradecanecopper(I) ion 
8.14 

C16H36CuN42+ 

C16H36CuN43+ 

5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacyc1otetradecanecopper(II) ion 
6.100.3 

5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacycIotetradecanecopper(III) ion 
8.50 

-C16H36N4Ni+ 5,7,7,12,14,14-Hexarnethyl-l,4,8,11-
tetraazacycIotetradecanenickeI(I) ion 
15.8 

C16H36N4Ni2+ 
5,7,7,12,14,14-Hexamethyl-l,4,8,11-

tetraazacyc1otetradecanenickel(II) ion 
6.100.6 
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, H N N· 3+ 
I 16 36 4 1 

~-rac-(5,7,7,12,12,14-Hexamethyl-

1,4,8,11-tetraaza-
cyclotetradecane )nickel(III) ion 15.43 

5,7,7,12,14, 14-Hexamethyl-1 ,4,8,11-
tetraazacyclotetradecanenickel(Ill) ion 
15.44 

( '16H37C12MnN40+ 

CI6H37CuNl+ 

Dichloro-meso-5,7,7,12,14,14-hexamethyl-
1,4,8,II-tetraazacyclo
tetradecane(hydroxy)manganese(IV) ion 
13.34 

Dichloro-rac-5,7,7,12,14,14-hexamethyl-
1,4,8,11-tetraazacyclo
tetradecane(hydroxy)manganese(lV) ion 
13.35 

5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraaza-
cyclotetradecane(hydrido )copper(III) ion 
8.54 

C 16H3SN4NiOsP2-
5,7,7,12,14,14-Hexamethyl-l,4,8,11-

tetraaza-
cyclotetradecanedi(phosphato )nickel(III) 
ion 15.45 

C17H19N6NiS2+ 

C17H20CIN2S+ 

a-2, 12-Dimethyl-3,7, 11,17 -tetraaza
bicyclo[ 11.3.1 ]heptadeca-
1(17),2,6,11,13,15-
hexaenebis(thiocyanato )nickel(llI) ion 
15.68 

Chlorpromazine, conjugate acid 25.4.14, 
25.5.6 

C17H20N406 Riboflavine 5.1.69, 6.1.31, 6.4.8 

C17H21N2S+ Promethazine, conjugate acid 25.4.44 

C17H21N6NiS2 + 
a-2.12-Dimethyl-3.7.11.17-tetraaza

bicyclo[11.3.1]heptadeca-
1(17),2,11,13,15-
pentaenebis(thiocyanato )nickel(lII) ion 
15.64 

C17H26N32+ I-Methyl-I' -[3-

C17H35CoN402+ 

(trimethylammonio )propyIJ-4,4'
bipyridinium radical cation 28. 14. 18, 
28.15.11 

Hydroxymethyl(5,7,7,12,14,14-
hexamethyl-1 ,4,8, 11-tetraaza
cyclotetradeca-4, Il-diene )cobalt(Ill) ion 
6.82 

(Cyclohexyl)-l ,4,8, 12-tetraaza
cyclopentadecanechromium(III) ion 
22.50.34 

ClSH12N6RuS63+ 
Tris(2,2' -bithiazole )ruthenium(llI) ion 

22.66 

ClsH24N206S2 -
1,1' -Bis(3-sulfonatopropyl)-3,3' -dimethyl-

4,4' -bipyridinium radical anion 
22.50.69, 22.55. 11 

ClSH32ClCrN42+ 
(4-Chlorophenylmethyl)-1,4,8,12-tetraaza

cyclopentadecanechromium(III) ion 
22.50.37 

C1SH32CrFNl+ 
(4-Fluorophenylmethyl)-1 ,4,8, 12-tetraaza

cyclopentadecanechromium(III) ion 
22.50.38 

(4-Bromobenzyl)-1,4,8,12-tetraaza
cyclopentadecanechromium(III) ion 
22.50.36 

(Phenylmethyl)-1,4,8,12-tetraaza
cyclopentadecanechromium(III) ion 
22.50.35 

ClsH34CoF3N402+ 
5,7,7,12,14,14-Hexamethyl-1,4,8,11-

tetraazacyclotetradeca-4,11-diene(2,2,2-
trifluoro-1-hydroxyethyl)cobalt(llI) ion 
6.84 

C18H36CdN20/+ 
4,7,13, 16,21,24-Hexaoxa-l, lO-diaza

bicyclo{8.8.8]hexacosanecadmium(I) ion 
5.5 

ClsH36N4Ni+ 1,4,5,7,7,8,11,12,14,14-Decamethyl-
1,4,8,11-tetraazacyclotetradecanenickel(I) 
ion 15.9 

ClSH37CoN402+ 
1-Hydroxyethyl(5,7,7, 12,14,14-

hcxamcthyl-l,4,8,11-tctraaza
cyclotetradeca-4, II-diene )coba1t(III) ion 
6.83 

C18H37CoN40?+ 
1,2-Dihydroxyethy 1(5,7,7,12,14,14-

hexamethyl-l,4,8,11-tetraaza
cyclotetradeca-4.ll-diene)coba1t(llI) ion 
6.85 

C19H32CrF3N/+ 
(4-Trifluoromethyl)phenylmethyl-l.4.8,12-

tetraazacyclopentadecanechromium(llI) 
ion 22.50.40 
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(4-Methylbenzyl)-I,4,8,12-tetraaza
cyclopentadecanechromium(ll) ion 
22.50.39 

C19H35CrN402+ 
(4-Methoxyphenylmethyl)-1 ,4,8, 12-

tetraazacyclopentadecanechromium(ll) 
ion 22.50.41 

Eosin dianion 15. 10.22 

C20H10052- Fluorescein dianion 15.8.18, 15.10.23 

C20H l6CoN4 + Bis(2,2' -bipyridine )cobalt(I) ion 6.10 

C20H l6CoNl+ 
Bis(2,2'-bipyridine)cobalt(ll) ion 6.9.1 

C20H16CuN4+ Bis(2,2'-bipyridine)copper(I) ion 8.18 

C2oH19N4+ 

C20H20Nl+ 

C20H20N4Rh2+ 

Safranine cation 25.5.23 

Safranine cation, conjugate monoacid 
25.4.46 

Bis(2,2'-bipyridine)rhodium(ll) ion 21.10, 
21.11.2 

C20H23IN2Rh ,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine)(iodo)rhodium(ll) ion 21.6 

C20H23N2Rh ,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine)rhodium(l) ion 21.2 

C20H24N20Rh 
,,5 -Pentamethylcyclopentadienyl(2,2'-

bipyridine )(hydroxy )rhodium(ll) ion 
21.5 

C20H24N2Rh + ,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine )hydridorhodium(Ill) ion 
21.12 

C20H24N sRh2 3+ 
Tetrakis[~-( 1 ,3-diisocyanopropane )]

dirhodium(I)(II) ion 21.4 

C20H25N 10011 P 

C2oH26N7011 p 

C20H41 CuNl+ 

Adeny lyl-(3 ' --75')-guanosine 25.5.5 

Thymidylyl-(3' ~5')-2' -deoxyguanosine 
25.5.24 

2,2,4,II,II,13-Hexamethyl-l,5,10,14-
tetraazacyclooctadeca-4,13-
diene(hydrido )copper(Ill) ion 8.56 

C2l H 15N9RuS3 3+ 
Tris[2-( 1 ,2,4-thiadiazol-5-yl)pyridine]

ruthenium(llI) ion 22.67 

C21 H26N7013P2 + 
Nicotinamide adenine dinucleotide 5. 1.66 

C2l H27N7014P2 
Nicotinamide adenine dinucleotide, hydrox

ide, inner salt 28.23. 1 

C21 H29N7014P2 
Nicotinamide adenine dinucleotide, 

reduced 13. 18.5 

C2l H30N7017P3 

C22H16CrN404 

Nicotinamide-adenine dinucleotide phos
phate, reduced 13.18.6, 13.20.2 

Bis(2,2' -bipyridine( oxalato )chromate(ll) 
7.20 

C22H16CrN404 + 
Bis(2,2' -bipyridine )ox~lato

chromium(ll)ion 5.1.35,28.2.37 

C22H l6PeN6 + Dicyanobis(2,2' -bipyridine )iron(ll) ion 
9.1.1 

C22H 16PeN6 - Bis(2,2'-bipyridine )dicyanoferrate(ll), elec
tron adduct 9. 1 

C22H16N6Ru+ Bis(2,2'-
bipyridine )bis( cyano )ruthenium(ll) ion 
22.2. 1, 22.4 7 

C22H 16N6Ru - Bis(2,2'~bipyridine )bis( cyano )ruthenate(II) 
ion, electron adduct 22.2 

C22H l7PeN60 Bis(2,2' -bipyridine )dicyanoferrate(ll), OH 
reaction product 9. 14 

C22H34N2 + 1,1'-Dihexyl-4,4'-bipyridinium radical 
cation 28. 14. 10 

C22H3SNl+ 1,1'-Bis[3-(trimethylammonio)propyl]-
4,4' -bipyridinium radical cation 
22.50.70,28.14.7,28.15.8 

C23H36N2 + I-Dodecyl-l ' -methyl-4,4' -bipyridinium rad-
ical cation 28. 14. 14 

C24Hl4C12CuN4 + 
Bis(5-chloro-l,10-phenanthroline)copper(l) 

ion 8.20 

C24H14CuN604 + 
Bis(5-nitro-l, 1 O-phenanthroline )copper(I) 

ion 8.21 

C24H16CuN4 + Bis(l ,1 O-phenllnthroline)copper(1) ion 
8.19 

C24H lSN6RuS3 3+ 
Tris[2-(2-thiazolyl)pyridine]rutheniumOll) 

ion 22.65 
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-, ,,' ',2 
L?A.H19N120Ru + 

. frts(2,2' -:-bipyrazine )rutheniumCll} ion, OH
adducf~2.25 

C24H19N12Ru2+ 

C24H22N206S2 

(~~2' -Bipyrazine )(2~2' -'bipyridine)(2~2' -
hipyriinldine)nith¢nium(ll) ion" electron 
adduct, protonated " 22. 1 

(2,2'~Bipyrazine)bis(2,2'-bipyridme)~' 

, rutheniuni(ll) ion, electron adduct, pro-
tonated, ,'" 22.9 " ' 

(2,2' -Bipyrazine )bis(2,2';:hipyrimidine):.. 
ruthenium(Il) ion, elecU'on adduct, pro
tonated · 22. 17 

(2,2' -Bipyridine )bis(2,2'-:-bipyrimidine)
ruthenium(TI) ion, electron adduct, pro
t()mited 22.15 

Bis(2,2' ':'bipyrazine )(2;2' ..,bipyridine)
ruthenium(U) ion,e:lectron adduct, pro
tonated 22:21 

Bis(2,2 '-"bipyrazine )(2,2' -bipyrimidine)
'iutheriium(ll) ion;eIectron adduct, pro
tonated 22.23 

Bis(2,2' -bipyridine )(2,2t .. bipyrimidine)
ruthenium(ll) ion,electron adduct, pro
tonated 22;7' 

Tris(2,2' ..,bipyrazine )ruthenium(TI) ion, elec
, tronadduct, protonated 22. 19 

Tris(2,2' -bipyrimidine)ruthenium(TI) ion, 
electroIl adduct, protonated 22. 13 

l~l' -Dibenzy 1-4,4' -bipyridinium radical 
cation ,,22.50.72 

1,l'-Bis(4-sulfonatobenzyl)..,4,4'
bipyridinium zwitterion22. 3.43 

C24H22N206Si':"" 

, C24H24CoNl+ 

1, I' .., Bis( 4-sulfonatobenzy 1)-4,4' -
,bipyridinium. zwitterion, ,radical aniori 
22.50.66 

Bis( 4,4'-dimetbyl-2,2' -bipyridine )cobalt(TI) 
ion 6.12.1 

C24H24CoN4 + Bis( 4,4' -dimethyl-2,2' -bipyridine )cobalt(J) 
ion 6.15 

1,l'-Diheptyl-4,4'-bipyridinium radical 
cation, 28. 14. 11 

C2SH19CuN40+ 

C2SR22N6Ru2+ 

Bis(l, lO-phenanthroline )(2-hydroxyetbyl)-:
, copper(ll) ion 8.42 

Ammine(2;2' -hipyridine)(2,2' :6',2" -
terpyridine)ruthenium(ll) ion 22~50;60' 

C26H16CrN404+ 
, Bis( 1, i O-phenanthroline)( oxalato)

chromiuni(ITI) ion 5.1~36, 28.2.38 

C26H20CuN4 + Bis(5-methyl-l,lO-phenanthroline)copper(I) 
ion 8.22 

C26H20N6RuS23+ 
2,2'-Bipyridinebis[2-(2-thiazolyl)pyridine]

ruthenium(ITI) ion 22;64 

C26H24N6Ru3+ 
2-(Aminomethyl)pyridinebis(2,2'

bipyridine)ruthenium(ITI) ion 22.48 

C26H42N2 + L,l'-Dioctyl-4,4'-bipyridinium radical 
cation 28.14.12 

C2sH22N6RuS3+ 
Bis(2,2' -bipyridine )[2-(2-

thiazolyl]pyridine ]ruthenium(1TI) ion 
22.63 

C28H24CuN4 + Bis(2,9-dimethyl-l,lO
phenanthroline )copper(I) ion 8.23 
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C2gH25CuN40+ 
Bis(I,10-phenanthroline)(2-hydroxy-2,2-

dimethylethyl)copper(II) ion" 8.43 

C2gH3SFeN6020 4-
Diethylenetriaminepentaacetatoferrate(III), 

DTP A radical adduct 9.31 

C30H18N12Ru+ 

C30H18N12Ru2+ 

Tris( 1 ,4,5 ,8-tctraazaphcnanthrcnc)-
ruthenium(II) ion, electron adduct 22.35 

Tris( 1 ,4,5 ,8-tetraazaphenanthrene )
ruthenium(II) ion, electron adduct, pro
tonated 22.34 

C30H23IrN6 + Bis(2,2'-bipyridine )([2,2'-bipyridin]-3-y 1-
C,N')iridium(lII) ion, electron adduct 
12.3 

C30H24AgN62+ 
Tris(2,2'-bipyridine)silver(II) ion 7.4.2 

C30H24CoN6 + Tris(2,2'-bipyridine)cobalt(I) ion 6.11 

C30H24CoN62+ 

C30H24CoN63+ 

Tris(2,2' -bipyridine )coba1t(II) ion 6.10. 1, 
6.39,22.50.10,22.54.1,22.55.1,22.59.1, 
22.62.1 

Tris(2,2' -bipyridine )cobalt(III) ion 6.4. 1, 
6.6.6, 7.4.3, 7.6.2, 7.B.1, 7.11.1, 7.16.2, 
8.15.2, 8.16.1, 8.17.1, 15.8.5, 15.10.4, 
22.3. 10, 28.2. 11 

Tris(2,2' -bipyridine )chromium(II) ion 7.4 

Tris(2,2' -bipyridine)chromium(lII) ion 
5.1.33, 6.4.2, 6.6.11, 7.5.1, 8.15.3, 15.8.6, 
15.10.8, 15.11.1, 15.13.1, 28.2.35 

Tris(2,2'-bipyridine)iron(III) ion 6.6.12, 
15.8.7, 15.10.10 

C30H24IrN62+ Bis(2,2' -bipyridine )([2,2' -bipyridin]-3-yl
C,N')iridium(III) ion, conjugate acid, elec
tron adduct 12.2 

C30H24IrN64-1- BiS(2,2' -bipyridine)([2,2' -bipyridin]-3-yl;. 

C30H24N60S3+ 

C,N')iridium(IV) ion, conjugate monoa
cid 12.4 

Tris(2,2' -bipyridine )osmium(III) ion 16. 1 

C30H24N6Rh + Tris(2,2' -bipyridine )rhodium(I) ion 21.3 

C30H24N6Ru + Tris(2,2' -bipyridine )ruthenium(II) ion, elec
tron adduct 22.3, 25.3.2 

C30H24N6Ru2+ 
Tris(2,2' -bipyridine )ruthenium(II) ion 

5.1.51, 6.1.24, 22.55.10, 25.1.12, 25.2.12, 
28.2.55 

C30H24N6Ru3+ 
Tris(2,2' -bipyridine )ruthenium(III) ion 

1.2.6, 5.1.52, 6.19.2, 6.39.2, 6.40.1, 
6.41.2, 6.48.1, 6.53.1, 6.54.1, 6.55.1, 
6. 110. 1, 6. 111. 1, 6. 112. 1, 6. 113. 1, 
6.114.1, 7.4.12, 8.5.11, 8.6.1, 8.7.1, 8.8.1, 
10.3.2, 22.3.36, 22.50, 25. 10.2 

C30HzsCoN603+ 
Tris(2,2' -bipyridine )cobalt(Ill) ion, OH 

adduct 6.98 

Tris(2,2' -bipyridine )iron(Ill) ion, H-adduct 
9.40 

C 30HZSFeN60 2+ 

Tris(2,2' -bipyridine )iron(II) ion, OH
adduct 9. 13· 

C30H25FeN603+ 
Tris(2,2' -bipyridine )iron(III) ion, OH

adduct 9.39 

C30H2.5N60Ru2+ 

C30H25N6Ru2+ 

C30H30N6Rh2+ 

Tris(2,2'-bipyridine)ruthenium(ll) ion, OH
adduct 22.24 

Tris(2,2' -bipyridine)ruthenium(II) ion, H
adduct 22.44 

Tris(2,2' -bipyridine )rhodium(II) ion 
8.17.3, 2t 11, 22.50.58 

C32H12AINg09S3 -
Aluminum(III) sulfophthalocyanine radical 

anion 2.1 

C 32H 12CoN 80 12S4 2-
3,10,17,24-Tetrasulfophthalocyanine

cobaltate(III) radical anion (oxidized 
ligand) 6.75 

C32H12CoN8012Sl-
3,10,17,24-Tetrasulfophthalocyanine

cobaltate(II) radical cation 7.4.6 

C32H12CoN8012S44-
3,10,17,24-Tetrasulfophthalocyanine

cobaltate(III) radical anion (reduced 
ligand) 6.74 

3,10,17,24-Tetrasulfophthalocyanine
cobaltate(II) ion 6.41, 22.50.12 

C32H 12CoN 80 12S/-
3,10,17,24-Tetrasulfophthalocyanine-

cobaltate(I) ion 6.19, 22.50; 13 

C32H12CoN8014S45-
3,10,17,24-Tetrasulfophthalocyanine

cobaltate(II) ion, superoxide adduct 6.62 

C32H 13N 80 9S3Zn 4..;. 

Trisulfophthalocyaninezincate(ll) radical 
anion 28.9 
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.i.C34H3SFeN404 
Hydridoiroh(llI) protoporphyrin 9.20 

;C34It36N406Zn -
Zinc(il). hematoporphyrin radical anion 

28.24 

€~ji,f58N4+ 1,1'~Didodecyl-4,4/-bipyridinium radical 
cation' , ".28,,14.13 

,:C35H19CoNg013S4 ~ 

"Cj~:rT JFeN40, 

(2~HydroxY-l-methylethyl}·3,lO, 17 ,24~ 
tetrasulfophthalocyaninecbbaltate(III) 
ion 6.93 

HydroxylIlethyliron(m) protoporphyrin 
9.21 

¢36H18FeN60i+ 
, 'Iron(ll) tris(1,10-phenanthroline-~,6 .. 

. dione) 25.4;5, 25.5.1 . 
'.:' "2+ ~3,6H21Br3CrN6 

Tris(5-bromo-l, lO-phenanthroline)
chromium(ll) ion ' 7. 14 

~'C3'6H21Br3N6Ru3+ 
Tris( 5~bromo-l,10-phenanthroline)
. ruthenium(m)ion. 8~5; 14, ,22.56 

Cj6H21C13CrN62+ 
Tris(S::'chloro-l, lO:"phenanthroline)

chromium(ll) ion 7.11 

C 36Hzl C13CrN6
3+ 
Tris( S-chloro;..l, lO;"phenanthrolitle)~ 

cmomiuin(Ill) ion 7.12.1, 7.13.1 

C36H21C13N60s3+ 
Tris( 5-chloro-l, 1 O-phenanthroline)

osmium(Ill) ion .16,4 

C361121 CI3N-6Ru+ 
. Tris(5..;chloro-l, 1 O~phenanthroline)

tuthenium(ll) ion, ,electron adduct 22.33 

. ',' '.' ',3+ 
C36H21 C13N6Ru 

Tris(5 .. chloro-l, ID-phenanthroline)
rutheniulli(Ill) ion '6.52.2,~6.54.3, B.5. 15, 
10.3,4,22.57 

C36H21CoN8013~44-
(2-Hydroxy~1-methylpropyl)-3,lO,17~24-

tetrasulfqphthalocyaninecobaltate(ill) 

C36H24CoN62+ 

C36H24CoNl+ 

C36H24CrNi+ 

C36H24CrNl+ 

C36:H24FeN63+ 

C36H36CoN63+ 

C36H36CrNi+ 

C36H36N60S3+ 

ion 6_gt'· 

C2-Hydroxy-2,2;.dimethylethyl)-'3,lO,17,24-
tetrasulfophthalocyaninecobaltate(llI) 
ion 6.90 

Tris( 1, lO-phenanthrolirie )coba1tCll) ion 
6,40, 22.50. 11 

Tris( 1, lO-phenanthroline )cobalt(IIJ) ion 
,(AA, "7.6.3, 7.~.2, 7.11.2, 7.16~3 . 

Tris( 1,1 O-phenanthroline )chromium(ll) ion 
~8' 

Tris( 1, 1 O~phenanthroline )chromiuni(m) 
ion 5.1.34, 7.9.1, 7.10.1. 28.2.36 . 

Tris( 1,1 O-phenantbroline )iron(ll) ion 
22.50.52 

Tris( 1 ,10-phenanthroline )iron(m) .ion 
9.27 

Tris(4,4'-dimethyl-2,2'-bipyridine}
cobalt(TII) ,ion 6~ 16. 1 

Tris(4,4':'dimethyl;..2,2' -bipyridine)
chromium(ll) ion 7.6 

Tris(5,S' -diniethyl-2,2' -bipyridine)
osmium(llI) ion 16.2 
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C36H36N6Rh3+ 
Tris(4,4' -dimethyl-2,2'-bipyridine)

rhodium(III) ion 22.3.34 

C36H36N6Ru+ Tris(4,4' -dimethyl-2,2'-bipyridine)
ruthenium(II) ion, electron adduct 22.30 

C36H36N6Ru3+ 
Tris( 4,4' -dimethyl-2,2' -bipyridine)

ruthenium(Ill) ion 8.5.12, 22.51 

C36H36Ru3+ Tris(5,5' -dimethyl-2,2' -bipyridine)-

C36H37FeN40S 

C36H43FeN404 

C36H44FeN404 

ruthenium(III) ion 22.52 

I-Hydroxyethy liron(III) protoporphyrin 
9.22 

2-Hydroxyethyliron(lIJ) protoporphyrin 
9.24 

lron(n) deuteroporphyrin C2-propoxy)C2-
propanol) 9.26. 1 

lron(n) deuteroporphyrin (2-propanol)z 
9. 12, 9.42. 1 

C37H21 CI3CrN60 2
2+ 

Tris( 5-chloro-1, 1 O-phenanthroline)
chromium(III), carboxyl radical addn. pro
duct 7.13 

C37H24CrN6022+ 

C37H39FeN40S 

TrisO, 1 O-phenanthroline )chromiumCllI), 
carboxyl radical addn. product 7.10 

I-Hydroxy-l-methylethyliron(III) protopor
phyrin 9.23 

2-Hydroxy-l-methylethyliron(III) protopor
phyrin 9.25 

C37H43F3FeN404 + 
IronCllI) deuteroporphyrin (2-propoxy)(2-

propanol), ·CF3 reaction product 9.44 

C37H44F3FeN404 
Trifluoromethy liron(III) deuteroporphyrin 

C2-propoxy)(2-propanol) 9.26 

C37H45ClzFeN404 + 
IronCllI) deuteroporphyrin (2-propanol}z, 

·CHClz radical adduct 9.43 

C37H47FeN404 + 
Iron(ll) deuteroporphyrin (2-propanol)z, 

methyl radical adduct 9.42 

C38H30NsRu+ Bis(2,2'-bipyridine)(dipyrido[3,2-a:2',3'
c ]phenazine )ruthenium(II) ion, electron 
adduct 22.28 

C38H31NgRuZ+ 
BisC2,2' -bipyridine)( dipyrido[3 ,2-a:2',3' -

c ]phenazine )ruthenium(II) ion, electron 
adduct, protonated 22.27 

C38H3ZNgRu3+ 

C39H30CrN62+ 

C39H30N6Ru3+ 

Bis(2,2'-bipyridine)(dipyrido[3,2-a:2',3'
c ]phenazine )ruthenium(II) ion, electron 
adduct, diprotonated 22.26 

Tris( 5-methyl-l, 1 O-phenanthroline)
chromium(ll) ion 7. 15 

Tris( 5-methy 1-1,1 O-phenanthroline)
ruthenium(IlI) ion 8.5.16, 10.3.7, 22.60 

C40H24MnNs 5, 10, 15,20-Tetrakis(4-
pyridyl)porphinatomanganese(n) 13.5 

C40H34C02N9023+ 
Jl-Amido-Jl-peroxidotetrakis(2,2' -

bipyridine )dicoba1t(ID) ion 6. 113J 

22.50.17 

C4oH36CIN4017Sb+ 
Chloro( oxo )antimony(V) uroporphyrin I 

radical anion 23. 1 

C4oH36N4016Zn+ 
Zinc(II) uroporphyrin radical cation 28.23 

C4oH37CrN 80S-
Tris(2,2' -bipyridine )chromium(III), EDTA 

radical addn. product 7.5 

C41 H57FeN40 7 , 

Iron(IlI) deuteroporphyrin dimethyl ester 
(2-propanol)2' I-hydroxy~ 1-
methylethylperoxyl adduct 9.45 

C4zH32N6Ru+ Bis(2,2'-bipyridine)(6,7-dihydro-5,8-
dimethyldibenzo[bj][1,lO]phenanthroline}r\\\ 
ion, electron adduct 22.29 

Tris( 4,7 -dimethy 1-1,1 O-phenanthroline)
chromium(II) ion 7. 16 

Tris(5,6-dimethyl-l, 1 O-phenanthroline)
chromium(II) ion 7. 17 

C42H36N6Ru+ Tris(4,7-dimethyl-l,10-phenanthroline)
ruthenium(II) ion, electron adduct 22.32 

C42H36N6Ru3+ 
Tris( 4,7-dimethyl-l, 1 O-phenanthroline)

ruthenium(III) ion 6.39.5, 6.52.3, 6.54.4, 
B.S. 17, 10.3.6, 22.59 

Tris(5,6-dimethyl-l, 1 O-phenanthroline)
ruthenium(ID) ion B.S. 18, 10.3.5, 22.58 

C42H54CoN 130 4Ru3+ 
Bis(2,2' -bipyridine )ruthenium(II)( 4-

carboxy-4' -methyl-2,2' -bipyridine)
(prolylprolinato)pentaamminecobalt(Ill) 
ion, electron adduct 22.5 

C44H 16C18N4012S4Zn3-
5,10,15,20-Tetrakis(2,6-dichloro-3-

sulfonatopheny 1 )porphinatozincate(II) rad
ical cation 28.22 
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"""" " 4 ;:.~44F.I24Br¥nN4012S4 -
'- "'" BrOiIlO[5,10,15~20-tetrakis(4-sulfonato':' 

" phenyl)porpliinatomanganatp.rTrr) l()n 
13.29 

,,;~~H24CdN4012S4 5.;. 
- , 5,10, 15 ~20.:.Tettitkis( 4-sulfonato-

phenyl)porphinatocadmate(ll) radical 
anion 5.13 

C:UH.24CI2N4012S4Sn5-
" 'Dlchloro[5,lO,15,20-tetrilis(4-sulfonato-

, " phenyl)p0iphinatostannate(N) radical 
anion 24.2 

:C44H24CoN402S4~ 
, 5,10,15;20'" Tetrakis( 4':'stilfonato

'phenyl)porphiriaiocobaltate(ll) ion 
28.14.3, 28. 15.3 

- ,', ' ,',' 5 
C44H24CoN402S4 - , 

5,10,15,20-Tetrakis( 4"'sulfonato-
ph<.!nyl)porphinatocobaltate(I) ion 6" 17 

"".' ' 2 C;44FJ:24CoN4012S4 - ,,' 
, '5,10;15,20""'retrakis(4.:.sulfonato-

pheny l)porphimttocobaitate(lll), radical 
cation 6.115 

f; 1I24CuN401Zsl-
-,5,10, 15;20-'Tetnikis( 4':sulfonato-

phenyl)porphinatocuprateCll) radical 
ani()n 8.25' ,-

S44H24FeN4012S42-
" , "5,10,15',20-TetrakisC~sulfonato-

phtmyl)porphinatbferrate(1ll) radical 
cation' 9,47 

C44H24InN4()i2S42.;. 
5,10,!5 ,20~tetrakis( 4~sulfonato

phenyl)porphlnatoindate(lll) radical 
cation ' 11.4 

C44H24MnN4012S44- , 
5,10,15,20-Tetrakis(4-sulfonato

phenyl)porphinatomanganate(ll} ion 
13.3 

C44H24MnN4012S45-
, 5, 10, 15,20~Tetrakis(4-sulfonato';, 

phenyl)porphinatomanganat~(ll) radical 
anion'" 13.1 

C44H24N4012PbS43- , 
5,10,15.,20':' Tetrakis( 4 "sulfonllto 
, phenyl)porphinatoplumbate(ll) radical 
cation 17.6 ' 

C44H:i4N4012PdS4S.,-
5,10~15,20-Tettakis( 4-sulfonato

phenyl)porphinatopalladate(ll) radical 
anion 18.:' 

C44H24N4012S4Zn3-
'5 ~1 C),15 ~20-Tetrakis(4.:.-sulfonato

phenyl)porphinatozincate(ll) radical 
cation 28. 15 

- 4-
C44H24N4012S4Zn 

, 5,10, 15,20-Tetrakis(4-sulfonato-
phenyl)porphinatozincate(ll) ion 5. 1.54 

5,1 0, 15,20-Tetrakis(4-sulfonato-
pheny l)porphinatozincate(ll) ion, triplet 
state 5. 1.55 

C44H24N4012 S4Zn5-
'5, 1 O,15~20-:-Tetrakis( 4.:.sulfonato-
, phenyl)porphinatozincate(ll) radical 

anion 28.6 

C44H2SN40SZn + 
Hydroxy(t¢trakis(2 ... hydroxy-:

phenyl)porphinato ) zinc (II) radicaL cation, 
deprQtonated28.16 ' -

Hydroxy(tetrakis(3-:-hydroxy
phenyl)porphinato )zinc(ll). radical cation, 
deprotonated 28.17 " 

C44H26CoN4014S46-
Dihydroxytetrakis{ 4-sultonato

phenyl)porphinatocobaltate(ll) ,ion 
28.4.1, 2Q.5.J, 28.6.1 ' 

C44H36BrM~N8 4+ 

, - 3 
C44H36CuNg + 

Bromo[5,10,15,20-tetrakis(1-methyl
pyridinium-4~yl)porphinatortlanganate(m) 
ion 13.31 '-' , 

5,lO,15,20-Tetrakis(1~methylpyridiniumA
y 1 )porphinatoc()pper(II) radical ani on 
8.24 

5, i 0, 15,20-Tetrakis( I-methylpyridiniul11-4-
yl)porphinatoiron(ll) ion -9.10 

C44H36FeNMOZ 4+ 

5,10,15,20;,. Tetrakis( I-methylpyridinium~4-
yl)porphineiron(llI)-superoxide complex 
9.41 

C44H36InNg 4+ Tetrakis(4-N-methylpyridyl)
porphineindium(ID) radical anion 11.3 

C44H36MnNM 3+ 

C44H36MnNg 4+ 

C4J\H36NgSns+ 

5,10, 15 ,20~Tetrakis(1-methylpyridinium-4-
yl )porphinatomanganese(II) radical anion 
13.2 

5, 10, 15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinatomanganese(ll) ion 13.4 

5,lO,15,20-Tetrakis(1-methylpyridinium .. 4-
yl)porphinatotin(IV) radical anion 24:3 
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C44H36NsZn3+ 

C44H36NSZn4+ 

C44H36NSZn5+ 

C44H37NgZn4+ 

5,10, 15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinezinc(U) radical anion 28.5 

5,10,15,20-Tetrakis( I-methy Ipyridinium-4-
yl)porphinatozinc(II) ion 1.5.4, 25.4.11 

5,10,15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinatozinc(II) radical cation 
6.48.2, 28. 14 

5, 10, 15,20-Tetrakis(1-methylpyridinium-3-
yl)porphinatozinc(II) radical cation 28.13 

5,10,15,20-Tetrakis(l-methylpyridinium-3-
yl)porphinatozinc(II) H-adduct 28.12 

C44H3SCoN SO/+ 
Dihydroxytetrakis( I-methylpyridinium-4-

yl)porphinecoba1t(II) ion 28.4.3, 28.b.3, 

28.6.3 

C44N24AgN4012S45-
:5,10,1:5,20-Tetrakis(4-sulfonato

phenyl)porphinatoargentate(I) ion 1.4 

C45H27Co~402S4 4-
N -Methy 1 tetrakis( 4-sulfonato-

pheny I )porphinatocobal tate(II) radical 
anion 6.21 

C45H27CoN4013S44-
Hydroxymethy ltetrakis( 4-sulfonato

phenyl)porphinatocobaltate(ill) ion 6.87 

C45H2SN4Ni012S44-
N-Methyl-5, 10, 15,20-tetrakis(4-sulfonato

phenyl)porphinatonickelate(II) radical 
anion 15.18 

C45H36CoN9S3+ 
5,10,15,10-Tetrakis(1-methylpyridyl)

porphinato( thiocyanato )cobalt(II) ion 
6.64 

C46H34Cl3CrNgOg + 
Tris(5-chloro-l, 1 O-phenanthroline)

chromium(III), EDTA radical addn. pro
duct 7.12 

C46H37CrN808 + 
Tris( 1,1 O-phenanthroline )chromium(III),. 

EDTA radical addn. product 7.9 

C47H31CoN402S44-
1-Methy lethy ltetrakis( 4-sulfonato

phenyl)porphinatocobaltate(III) ion 6.86 

C47H31 CoN40 3S4
4-

I-Hydroxy-l-methylethyltetrakis( 4-
sulfonatophenyl)porphinatocobaltate(III) 
ion 6.88 

C4sH24MnN40S 4-
5,10,15,20-Tetrakis( 4-

carboxypheny l)porphinatomanganate(II) 
ion 13.8 

C48H33MnN4013S44-
2-Hydroxy-2,2-dimethy lethy ltetrakis( 4-

sulfonatopheny 1 )porphinatomanganate(lll ) 
ion 13.30 

C4RH34C02N9023+ 
11-Amido-Il-peroxidotetrakis( 1,10-

phenanthroline )dicobalt(III) ion 6. 114, 
22.50.18 

C48H40FeN12044+ 
(1.,(1.,(1.,13-Tetrakis(N-methylisonicotinamid()

phenyl)porphinatoiron(II) ion 9.11 

C4sH45MnNs04+ 

C48H4SN6Ru3+ 

2-Hydroxy-2,2-dimethylethyl[5, 1 0, 15,20-
tetrakis( I-methylpyridinium-4-
y 1 )porphinatomanganate(ill) ion 13.32 

Tris(3,4,7 ,8-tetramethyl-l ,10-
phenanthroline)ruthenium(ID) ion 
6.39.6, 8.5.19, 22.62 

C4SH66N6P3Ru6+ 
Tris(4-triethylphosphonio-2,2' -bipyridine)-

ruthenium(ID) ion 6.39.3, 22.54 

CSIH4SNs012S4Zn+ 
5,10,15,20-Tetrakis [1-(3-sulfonato-

propyl )pyridinium-2-y 1 ]porphinatozinc(II) 
radipal cation 28. 19 

CS2H4SNs012S4Zn+ 
5,10,15,20-Tetrakis [1-(3-sulfonato-

propyl )pyridinium-4-y 1 ]porphinatozinc(II) 
radical cation .28. 18 

CS2H48NS012S4Zn-

CS4H36N6Ru3+ 

5,10,15,20-Tetrakis[ 1-(3-sulfonato
propyl)pyridinium-4-yl]porphinatozinc(II) 
radical anion 28.7 

Tris(5-phenyl-l, 1 O-phenanthroline)
chromium(II) ion 7. 18 

Tris(5-phenyl-l,10-phenanthroline)
ruthenium(III) ion 8.5.20, 22.61 

C54H42CI09P3RhS33-
Chlorotris[3-(diphenylphosphino)-

benzenesulfonato]rhodate(I) ion 22.3.33 

C54H42CI09P3RhS34-

CS6H60CuNS 3+ 

C56H60MnNg 4+ 

Chlorotris[3-( dipheny Iphosphino)
benzenesulfonato]rhodate(O) ion 21.1 

Tetrakis-4-(N,N,N-trimethy lammonio)
phenylporphinecopper(JI) radical anion 
8.26 

5,10,15,20-Tetrakis[ 4-(N ,N,N-
trimethy 1 ammoni 0 )phenyl]porphinato
manganese(II) ion 13.6 
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C56H60NSZn3+ 

CS6H60NSZns+ 

Tetrakis-4-(N ,N,N-
trimethylammonio )phenylporphinezinc(ll) 
radical anion 28.4 

Tetrakis-4-(N,N ,N-
trimethylammonio )pheny lporphinezinc(ll) 
radical cation 28.21 

C56H62CoNsol+ 
Dihydroxytetrakist 4-(N,N,N

trimethylammonio )phenyl]porphinecobalt(ll) 
ion 28.4.2,28.5.2,28.6.2 

C62Hs9CoN 130 14P 
Cobal(I)amin 6. 18 

C62H89CoN 130 1SP 
Hydroxocob(ID)alamin 6. 18.2 

C62H90BrCoN 130 14P 
Bromocob(ID)alamin 6.94 

C64H24Co2N 16°2488
10-

C64H76NSZn5+ 

C66H4sCrN62+ 

3,10,17,24-Tetrasulfophthalocyanine
cobaltate(I) ion dimer 6.20 

5,10, 15,20-Tetrakis(2-N-hexylpyridyl)
porphinatozinc(ll) radical cation 28.20 

Tris( 4,4' -diphenyl-2,2' -bipyridine)
chromiumaI) ion 7.7 

Tris( 4, 7 -dipheny 1-1,1 O-phenflnthroHne)
chromium(ll) ion 7. 19 

Cn HS6MnN 120 4
4
+ 

cx:,cx:,cx:,~-Tetrakis[2-(N-
methy lisonicotinamido )phenylJ
porphinatomanganese(ll) ion 13.7 

Cadmium(l) ion 5.1, 5.1.1 

Cadmium (II) ion 25.1.3, 25.2.3 

Cerium(IV) sulfate complex 8.5.1 

Chloride ion 8.51.1, 8.52.2, 12.4.2, 
19.20.2, 19.38. 1, 25.4. 1 

CICo2+ Chlorocobalt(m) ion 6.100 

CICoH 15N S 2+ Pentaammine( chioro )cobalt(llI) ion 
5.1.19, 6.1.8, 15.1.19, 17.3.3, 28.2.22 

CICu Copper(I) chlorideB.6,22.50.43 

CIFe2+ Chioroiron(Ill) ion 25.7.2 

CIH1SNsOs2+ Pentaammine(chloro)osmium(Ill) ion 
22.3.37 

CIH lsN SRu + Pentaammine( chIoro )ruthenium(II) ion 
22.42 

2+ CIHlSNsRu Pentaammine(chloro)ruthenium(Ill) ion 
22.43.1 

CIHg Mercury(I) chloride 10.8 

Chloromercury(I)peroxyl 10.9 

ClMn2+ 

CI03-

ClTI+ 

CI2Cu

Cl2H20 2PC 

CI2Mn+ 

CI2TI 

CI3CU3-

C13Tr 
C14Fe2-

CI4HOPt2-

C14H30 2Pt2-

C14Pt3-

C14T12. 

CIsH20Pt2-

CIsPt2-

C16Ir2-

C16Pt3-

Co+ 

Co2 
I 

Co3+ 

COFH1SNs
2+ 

CoH3N2+ 

CoHoNl+ 

CoH9N3
2+ 

CoH9N60 6 

CoH12N/+ 

CoH1 sNs
2+ 

CoH1SN8
2+ 

Chloromanganese(III) ion 13.25 

Chlorate ion 28.2.9 

Chlorothallium(ll) ion 25.7 

Copper(J) chloride complex 8.2.1, 8.4.1. 

Dichlorobis(hydroxy)platinate(ID) ion 
19.31 

cis-Diamminedichloroplatinate(I) ion 19.2 
trans-Diamminedichloroplatinate(I) ion 

19.3 

cis-Diamminedichloroplatinum(ll), OH 
reaction product 19.22 

trans-Diamminedichloroplatinum(ll), OH 
reaction product 19.23 

Tetraamrnineplatinum(II), CI2·- reaction 
product 19.21· 

Dichloromercurate(I) ion 22.50.56, 
22.51.3,22.56.2,22.62.3 

Dichloromanganese(III) ion 13.26 

DichlorothaIlium(II) 25.8 

Copper«() chloride complex 8. 1 

Trichlorothallate(II) ion 25.9 

Tetrachloroferrate(ll) ion 22.50.49 

Tetrachlorohydroxyplatinate(ID) 19.30 

Aquatetrachlorohydroxyplatinate(llI) ion 
19.29 

Tetrachloroplatinate(I) ion 19.5 

'letrachlorothallate(ll) ion 25.70 

Aquapentachloroplatinate(III) ion 19.28 

Pentachloroplatinate(ID) ion 19.27 

Hexachloroiridate(IV) ion 12.5, 15.29.4 

Hexachloroplatinate(Ill) ion 19.26 
Tetrachloroplatinate(ll), CI2·- reaction pro-

duct 19.25 

CobaJt(l) ion 6.1, 6. 1.3 

Cobalt(II) ion 22.3.2, 25.4.2, 28.2. 10 

Cobalt(m) ion 6.99, 25.4.3 

Pentaamrnine(fluoro )cobalt(ill) ion 
5.1.21, 6.1.7, 15.1.21, 28.2.24 

AmminecobaJt(U) ion 6.26 

Bis(ammine)cobalt(II) ion 6.25 

Tris(ammine)cobalt(II) ion 6.24 

Trinitrotrisamminecobalt(III) 6.1.12, 
17.3.6 

Tetraamminecobalt(II) ion 6.23 

Pentaamminecoba1t(II) ion 6.22 

Pentaamrnine(azido)cobalt(III) ion 5.1.25, 
15. 1.24, 28.2.28 
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<:021I30~10()24+ 
Decaammine.:~.:.peroJ{idodicohalt(m}'ion 

CrII2+ 
2+ CrH12()6 

crO 2-
.4 

CrC>43-

Cr2()/-

<:uH+ 

CuHol+ 

CuH20 2+ 

CuH30 3 

CuN°2+ 

_ CU014P26-

CU2:+-

Eu2+ 

Eu3+ 

6.110,22.50.14 

<:hromium(I)ion' 7.1 

<:hroniitim(II) ion 7.2,22.50~19 

Chromium(Ill} i()n 22.3. f2, 25.1.4,25.2.4 

IIydridochro~~m(III)_ion 7.27-

HexaaquachronllUIl1(n) i()n 15.41.2 

Chromate (VI) ion-. 5.1.39-

<:hromate(V) ion ·1.40 

Dichromate(VI) ionp. 1.40, 28;2.41 

Copper atom 8.2_ 

Copper(I) ion _8.5, 8~29.1!22.50.42, 
22.51.1,22.55.6, 22.56.1, 22.57.3, 
22.5B.1,22.59.5,_22.60.1, 22.61;1, 22.62~2 

Copper(ll) ion 1.1,4, 5.1.41, 6.1.15, 
8.29.2,15.1.29, _15.29.2, 19.35.2, 19.37.2, 
-19.45.2, 19.4l}.2,.22.3.24, 22.30.1, 
22.31.1, 22.33.1, 25.1.5, 25.2.5, 28.2.42 

- Hydridocopper(Il) iOIl 8.27 

_ Hydroperoxocopper(Ill) ion 8.64 

Dihydroxycopper(m)ion B.5.3, _ 8,46 

Trihydroxycopper(llI) 8.47, .' 8. 47. 1 

Nitritocopper(ll) ion 8.47.2 

Copper(II) pyrophosphate _ 9.49. 7 

Copper(I) ion complex- with copper(O) 8.4 

Europium(ll) ion 22~59.6 

Europium(lll) ion 22.3.25,22.30.2, 
22.31.2, 22.82~ 1~ '22.33.2 

Tetraammine( difluoro)platinum(IV) ion 
7.4.11, 7.6.8, 7.11.6 

FeH2+ 

FeHOl+ 

FeH96S. 

"'ron(ll) ion 6. 63. 1,6. t00.4,}3A5 . .1,: 
9~27~ -1;15.44.3,;::~.§~1:~A,-,15.50;3;;;15.52.2 
,,16~ 1~J,.1f~.?; t, .1,~l~J; ,16.4; " 22~50A7, 
22.53.1, 22;5p.7,:g~A.4125. 7.1125.8. 1, 
25.9. 1, 25. 10.1 ,2B.1 $~2, ,~S..14/4::: 

Ir6n(m))op-V1~§",:t~~2, .7.4.71 8:5.4,>
" ' .• 9.5;?h25~4:.;6 

Hyd:rldoiron(m),:imi\9.16 

Hydrop~roxide,:,iron(III}complex ,.9.l7 

. ,Hydf()pet6~de~~~ifat6rron(lll)"complex -flY's_' - .... '.,"-, c_., •• · ; .. -'. . 

Ferrate(V)ion ······.·:9;52~2;.9.53 

Iron(1I) :sulfat~:::@.~:47.1,22_50.51, 22~51_2. 
22.52. 1 ~;~.54;2~'~.57.4 

SulfatoirQn(1Ip iOR·:'i4~ii, 7.B.6, 7.1B~5, 
7.17.3,9.33, 21.4~2 

FeQ12P3 7- Triphospbatofe~ate(ll}.ion -22.50.50 

Fe014P 2 6- Iron(II}pyrophpspb:~te9.49.4 

FeOlSPi6-· . . Iro1i(W)'-p~~pho~~ate . 9.49. 

FeQ41 SiWn $- Iron(IV) -(hY4r6x6)undecatungstosilicate 

H 

W 

HHgO 

HHg01-

HMn02+ 

::. -6-c-
HMo18062P2 

HNi02
2+ 

HO 

ion. 9.50 

Hydrqp~r~xi~e~ifpnOn)iron(II) complex 
9.15' 

Hydrope,roxide-sl.l}fatoiron(IIDiiOn(ll) 

C0Il1p'lex~::,,~t9, . " . . . . . . 
Hydrogenatom 8.5;6,28.2.2-

, . ".". , .. ";:.'".. . 

Hydt-Qgelljon;., .. 1.:6~J,:3.2.1:3~4:2,6;;4.3, 
. f). 5. 5,: 6.~:r3,9.7.2,:,6~10;2,6.15.2,6.27.2, 
6~28.2,6.29.2,6;36~~,6.37~2,6~38.2, 
6,45.2, (;.46.2,-6.47.2,' 6.65.1,: 7.25.1, 
7.26.1', 7.27.1;-7:29:1;: 7.30.1;7~31.1, 

. 7.32.1,7~33.(1.34.1, 7.35.1, 8.12.1, 
8.15A,8.24~2,8.25;1;8.26~1, 8.28.1; 
8;53.1;8~54;:1,:.R55.1,8.56.1, .. 9.16.1, 
12.2.1,13.~.1;,13~$0:1, 13.32; 1~ 15~t31J 
15.8,~,15~10.11,15.26.2, 19. 18.2, 
19~36.3; 21. L1,2t2.1,21.12/1~22.41.1, 
22A9.-1,· 25;;5.2; .26.1.1,28.2.44 

Mercury(J} hydroxide .10.4 

HydroxYillcrcury(ll) iOl1 '10.1.2 

Hydrox:ymanganese(m) ion. ·'13~ 12, 
28.2.46" 

18-Molybdodiphospbate ion(7~), conjugat( 
acid 14.1 

Dioxonickel(IV)ion;protonated "15.74 

Hydroxyl. 4..1.2, $ .. 1.2, 6.-1.22, rAO.1, 
-10.8.8,10.10.3, 11;2.2, 15.1.1, 28.2.3 

HO.... Hydroxide ibn. .l!J'3~2, 15.42'~i.15.43.2, 
15.44.4, 15.46.7,"15.57.1, 15.58.1, 
1§.BO.1, -15.61.1, 15~65.2,17.10.1, 
1 9.1 B.3,19.36~2 " 
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~!~fr~ 
~H~~,~ 

;"Q'Pb: 
_··--,·.2,,_ ... 

~@;P2-

~~~gOZ 
l;Qi9i 

f1202Pb+ 

~'iji02T1 
J~Jh04P-

7...; 
~2040W12 

,1:I3N.Ni 

:~4~. 

Hydroxythallium(II) ion 25.5, 25.5.3 

_ Perhydroxyl .1.5.2;. 15.44.1, 15.46.2, 
. 15.50.1, 25.4.7 

I:IYcltoxy(oxo)lead(IV) i,?n17. 10 

Hydrogen phospqate ion ·6!6.-17 

Me.rcllfYCIT)dihydroxide '10, 1.3 

Hydrogen peroxide 1.1.7~1.2.4. 1.3.3. 
1.5.3,5.1.42,5.7.4, 6.1.16, 6.19.1, 7.2.2, 
8.5.7,8.11.1,8.18.1,8.19.1,8.21.1, 
8.22. 1,8.45.2, 8.52.3, 9.49.2, 11.2.3, 
'15.1.30, ·'1.5.19.2, '15.21.2, '15.22.2, 
15.23.2,15.24.2,15.25.1, 15.26.3, 
15.46.5, '15.50.4, 25~ 1.9, 25~2;9, 25.4.8, 
28.2.43 

. Dihydroxylead(lll) ion 7/.0 

Dihydroxythallium(Ji) 25.6 

Dihydrogen phosphate ion 6.5.8, 6.6.18, 
6.7.5, 15.8.9, 15.10.15 

12-Tungstateion(7-), dihydrogen 27.1 

~nenickel(m)ions 15.31 

Ammonium ion 6.6.14 

'~~4N2 Hydrazine 15.31.1 

R404Pb- Tetrahydio:x:yplumbate~)ion 17.9 

~~N30Rh2+ Aquatrjamminerhodiuri1(II) ion 21.7 
'f,'(. ....'4-
'lI;IsOioP8Pt2 Octal1ydrogen . tetrakisC~~diphosphito)~ 

diplatinate(IT)(TII) ion 19.47 

::~8020P8Pt25~ Octahydrogentetrakis(J.!-diphosphito)
diplatinate(I)(ll) ion ' 19.16 

J:lU N30Pt+ . Triammiileaquaplatinum(I) ion 19.1 

f~12Mo.201 03
+ Hexaaquadi-Il

oxodioxodimolybdenum(V,VI) ion 14.6 

. ;:11~2N402Rh2+ Tetraammine(superoxido )rhodium(ill) ion 
21.13 

Tetraamminerhodium(ll) ion· 2.1.8,21.8.4 

tetraamminehydridoplatinumCill) ion 
. 19.17 -

Tetraanimine(hydrido )rhodium(IlI) ion 
21. 13.1 

Tetraamminebis(hydroxy)platinum(ll) ion 
19.19 

H14N502Ru2+ trans-
Tetraammine( aqua )nitrosylruthenium(II) 
ion,electron adduct. 22.36 

H lsN4 OzPt2+ Tetruunuri.ine( uqua)hydroxyplatinum(lll) 
ion 19.18 

H15N60Ru2+ Pentaamminenitrosylruthenium(IT) ion 
22.37 

HlSN60Ru3+ Pentaammine(nitroso )ruthenium(ll) ion 
6.6.20, 15.8.13, 15.10.17,22.36.1 

H 15N7Ru + " Pentaammine(dinitrogen)ruthenium(l) ion 
·22.1 

H15N7Ru3+ Pentaammine(dinitrogen)ruthenium(IIT) 
ion '·.22.45 

H 16Mo20i12+ cis":Octaaqua-ll-oxo-
bis( oxo )dimolybdenum(IV) ion 14.5 

H 16N4 02Pt3+ Tetraamminebis( aqua )platinumCill) ion 
19.20 

H17N50Ru2+ ". Pentaammine(aquo)ruthenium(II) ion 
22.43 

Hexaammineruthelliurn(ll) ion, 6.6"19, 
22.50.59 

Hexaamminerutheniu1Il(ll) ion 5.1.5U, .. 
8.15.7, 8. 16.3, . 8. 17.2, 8.84.2, 15. 1.38, 
15.6.4,15.7.4,715.8.12,15.9.8, 15.10.16, 
15.11.2,15.13.2, 22~3.35, 28.2.56 

H30N 12Ru2 3+ Decaammine(dinitrogen)diruthenium(I-II) 
ion.22.38 

H30N 12Ru2 5+ Decaammine(dinitrogen )diruthenium(IT:-ill) 
ion· 22.40 

H31N120Ru24+ 

Hg 

Hg7+ 

HgI 

Hg2+ 

1
2
-

In 

In+ 

In2+ 

Mn2+. 

Mn3+ 

Mn02+ 

Mn04-

Mnoi
Mn207P2 

NH3 
N02-

Decaammine(diriitrogen)diruthenium(IT) . 
. ion, OH;.;adduct- 22.39 

Mercury atom . 10. 1 

Mercury(l1 ion 10.3.22.50.54.22.55.8, 
22.57.5, 22.58.2,22.59.7, 22.60.2 

Mercury(IT) ion -10.1.1 

Mercury(I) iodide J O. 11 

Mercury(I) ion, 'complex with mercury(O) 
. 1a2 '. ' 

Mercury(l) dimer ion 10.2.2, 22.50.55, 

22.55.9, 22.57.6,22.58.3,22.59.8, 22.60.3 

Iodide ion . 15.29.3,15.46.6, 15.72.1 

Iodate ion 5.1.43, 5.7.3, 5.8.2, 5.9.2, . 
5.10.3, 6.1.17, 15.1.32, 28.2.45 

Diiodine radical ion 6.41.1 

Indium atom· 11. 1 

Indium(I) ion 11.1. 1 

Indium(ll) ion 11.2 

Manganese(IT) 'ion' 15.50.5, 25.4.9 

Manganese(IIl) ion 13. 11 

Peroxidomanganese(lll) ion 13. 13 

Pennanganate ion 1.2.3, 5. 1.44, 6. 1. 18, 
7.2; 1, 8.5.5, 15.1.33 

Manganate(VI) ion 13.36.1 

Manganese(IT) pyrophosphate 9.49.3 

Ammonia 1.10.1, 1.11.1 

Nitrite ion 5.1.45,5.7.5, 5.8:3, 5.9.3, 
5.10.4, 8.41.1,15.1.34, 22.3.27, 28.2.49 
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Ni02+ 

Ni014P2
6-

OV+ 

°2 

02U2+ 

°3S-

°3S2-

°4Re2-
04.S-

°4S2-

o8sl-

TI 
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Nitrate ion 5.1.46, 5.7.6, 5.8.4, 5.9.4, 
5.10.5, 6.1.20, 15.1.35, 28.2 ... 50 

Nitrous oxide 3.1.4, 5.1.47, 5.6.1, 6.1.19, 
6.5.9, 6.6.15, 6.7.3, 6.17.1, 6.18.1, 8.15.5, 
15.1.36, 15.8.10, 15.9.6, 15.10.12, 19.6.1, 
25~ 1.7, 25.2.7, 28.2.51, 28.3.1 

Azide ion 8.52.4 

Nickel(l) ion 15. 1 

Nickel(II) ion 15.29.5, 25.1.8, 25.2.8, 
28.2.52 

Dioxonickel(IV) ion 15.73 

Nickel(II) pyrophosphate 9.49.6 

Vanadyl(III) ion 26.1 

Oxygen 1.1.6, 1.2.5, 1.3.4, 2.1.1, 3.1.5, 
5.1.48. 6.1.21. 6.4.4. 6.6.16. 6.7.4. 6.34.2. 
6.33.1, 6.34.1, 6.35.1, 6.49.1, 6.50.1, 
6.67.1, 6.74.1, 6.95.3, 6.98.2, 7.2.3, 
7.4.10, 7.6.7, 7.8.5, 7.11.5, 7.15.4, 7.16.6, 
8.5.10, 8.15.6, 8.18.2, 8.19.2, 8.20.1, 
8.21.2,8.22.2,8.29.4, 8.43a.1, 9.13.3, 
10.2.3, 10.5.1, 10.6.2, 10.8.2, 10.10.2, 
10.11.2, 10.12.2, 12.3.2, 13.3.2, 13.4.2, 
13.5.2, 13.6.1, 13.7.1, 13.8.1, 14.2.1, 
14.3.1, 15.1.37, 15.6.3, 15.7.3, 15.8.11, 
15.9.7, 15.10.14, 15.27.2, 15.28.1, 
15.29.6, 15.52.3, 15.72.2, 17.2.2, 19.6.2, 
19.37.4,21.8.2,21.11.4,22.3.30,22.18.2, 
22.35.1, 22.37.8, 24.2.2, 25.1. 10, 25.2.10, 
27.1.1,28.2.53,28.9.1,28.10.3,28.11.3, 
28.15.5 

Superoxide radical anion 15.44.2, 
15.46.3, 15.50.2, 22.50.57, 28. 15.2 

Sulfur dioxide 7.4.13, 7.8.6, 7.11.7, 
7.15.5, 7.17.4, 11.3.1,28.5.4 

Uranyl(VI) ion 7.4.14, 7.6.9, 7.8.7, 7.11.8 

Sulfite radical ion 22.3.37 

Sulfite ion 22.50.62 

Rhenate(VI) ion 20. 1 

Sulfate radical ion 8.5.2 

Sulfate ion 15.44.5 

Peroxodisulfate ion 5.1.53, 6.1.23, 
15.1.39,28.2.57 

Lead atom 17. 1 

Lead(l) ion 17.2 

Lead(II) ion 5.1.49, 25.1.11, 25.2.11, 
28.2.54 

Palladium(I) ion 18. 1 

Palladium(lII) ion 18. 1. 1 

Samarium(II) ion 25. 1. 13, 25.2. 13 

Samarium(III) ion 22.3.38 

Thallium(O) 25. 1 

TI+ 

T12+ 

T12+ 

Tli+ 

Thallium(I) ion 25. 1. 14 

Thallium(Il) ion 22.50.63, 25.4, 25.4.10 

Thallium(l) ion, complex wi'th TI(O) 25.2 

Thallium(O), complex with thallium (I) ion, 
dimer 25.3 

Ytterbium(ill) ion 22.3.39 

Zinc(I) ion 13. 12. 1, 28.2, 28.2. 1 
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9~ 'Chemical'Namelndex 

Acetaldehyde 25.1.15 
(Il~Acetato)bis(ll-hydroxo)bisftrianiminecobalt(m)]'jon 

5.1.32, 15.9.5,28.2.34'" 

Il-Acetatol1exaamminebis(':lrhydtoXy)dicobalt(lll) ion 
5~1:32,15~9.5, 28.2.34 

(Acetato )pentaaIIlDlinecobaltcm) ion 5.1.27, .,5; 1.26, 
"28.2.30 

Acetic acid6.4;5,6;5~7,6~6~21, 15.8.14,15;10.18 

,1\ceticadd"chloro-,ion(L-) ,1.1;10, ';3.7 

:Acetone _25.1.16;28.2.58' 
Acetonitrile(aqua)-2,3,9~10.,.tetramethyl-lA,8,11-

tetraazacyclotetradeca-l,3,8, 1 O-tetraeneiron(ll) ion 
"9;8 ", ' 

Acet(mylacetonatochromiurn(U)ion l.itO 

Acetophenone '5. 1.56,5.3~ 1 

i\.cetylacetonatocobalt(ll) jon~.38 

(N-Ac~tyl~N-:m~tbylamino )Illethyl 9.7.3,22.37.4 
N' ,.Acetylsulfanilamide, 25.4.47 

Acrylamide 8;5.21 
Adenosine 25.5.4 
Adenosine triphosphate; ester wi!h l-~-D,,:ribofuranosyl-3-

pyridinecarboxamjde' 13. 18;6, ,13.20.2, 

Adenylyl-(3'~5')~guanosine" 25.5.5 

~-Alaninato(2~amiIJoethyl)~opp~r(ID),' 8.83 

~-Alanine, :copper(Ill) ,complex 8.59 
Al~ine, 2,.methyl-1.5.5,1. 7.2 
Alanine, negative ion ' 1.9;2 

'~ylalc()hol 6.1.25,15.1.40,28.2.59 

i'Altiminum(lll) sulfophthalocyanine. radical ~ion 2. 1 " 
'.lrAmido-)l~peroxidoQctakismnminedicobalt(m) ion ,6. 1", 

'22.50.15 

}l-Amido,:,Jl-peroxidotetrakis(2.2' ~bipyridine)dicobalt(ni) 
ion 6.-113,22.50.17 

Jl,.Amido~Jl-peroxidotetrakis( ethylenediamine)dicobalt(lll) 
ion, . '8. 112,,' 22.50.16 

Jl~ Am.i.do-~;,.peroxidotetrakis(l,l O-phenanthroline)
dicobalt(llI) ion, 6.114, 22.50.18 

~-Amido,.~-superoxidotetrak:is( ethylenediamine)
dicobalt(Ill) ion 5.1.28 

2-Amino-2.;.carboxy-2-methylethyl 9.7.2,22.37.3 

3-Amino:-7~(dimethylamino)-2-methylphenothiazinium 
25.5.25 ' 

2-Aminodhanol 1.7.1 

orAminoisobutyrate negative' ion 1.9.3 
a~Aminoisobutyric acid 1.5.-5, ,1.7.2 

Aminom~thyI(glycinato)copper(IlI) 8.438 
8-Atnino-8~methyl-l.3.6.10.13.15-hexaaza-

tricyc1o[l3~l.J.113,15]octadecan<?nickel(I) ion 15.15 

8~Amino~8-methyl-l,3,6,lO,13,15-hexaaza-
tricyclo[13.1. 1. 1 13,15]octadecanenickel(ll) ion 15.54 

2-Amino-2-methylpropanoic acid 1.5.5, 1.7.2 

2-Amino..;2.;.rtlethylpropionate ion 1.9.3 

2::'Amino-2.,.methylpropyl, conjugate acid 9.7.4, 22.37.5 

2-(Aminomethyl)pyridinebis(2,2'.:.bipyridine)ruthenium(ID, 
ion·, ,22.48 

2-(Aminometbyl)pyridinebis(2,2' ':'bipyridine )ruthenium(ll) 
ion, deprotonated 22,49 

4.:.Amino-:-l-:-methyl-2-pyriinidinone', '25.5.18 

2-Amin~4-(methylthio)butailoic acid 1.5.20, 25.4.36 

." 6~Aminophenalei1one' 1.5.6,25:4.12 
Ammine(2,2' ~bipyridine)(2,2':6',2"

terpyridine)iuthenium(ll) ion ,22.53 
Ammine(2,2'':'bipyridine )(2,2' :6',2"

terpyridine)nithenium(ll)ion 22.50.60 

cis-::Amminechlorobis( ethylenediamine)cobalt(Ill) ion 
5.1.15, 15.1.15, 28.2.-18' '. 

Amminecobalt(ll) ion 6.26· 
Amminecopper(m) complex- 8.48 
Amminenickel(ID) ions 15.31 

Amminesilver(O)-silver(I) complex 1.3 

AInmonia < 1.1 O.t~1.J 1.1 

2-Ammonio-l-carboxyethylcopper(ll) ion '. 8.30 

2-Ammonio-2-carboxypropylcopperCll) ion .,' ,8;38· 
2.:.Ammonio·,z-carboxypropylcopper(lll) ion 8.73 
2-Ammonio-2,2-dimethylethylchromium(ID) ion 7.36 
2-Ammonio-,z,2-dilI!ethylethylcopper(ll) ion .8.33 

2-Ammonioethylcopper(ll)ion 8;31 
Ammoniumjon 6.6;14 

Aniline,N,N-dimethyl-4-nitroso-5; 1.68 
m-Anisic acid 1.5.22, 25.4.38 

o-Anisic acjdt5.21, 25.4.37 

p-Anisic acid 1.5.23. ,25.4~39 
Anisole 1.5.7, 25.4.13 

9, 1 O-Anthraquinone, ,5.1.57,',6.1.26 
9,JO-Anthraquinone~2,6-disulfonate ion 6.4.6, 7.~.4, 

8.15.8, 15.8.15,·15.10.19 

9,lO .. Anthraquinone-2-sulfonateion 6.6.22,8.15.9 
Aquabis( ethy Ienediamine)fluorocobalt(1ll) ion 5. 1. 14, 

15.1.14, 28.2.17 

Aquabis(ethylenediamine )hydroxyplat~num(m) ion 19.36 
Aquabromo-<x-2.12-dimethyl-3,7,l1,17-

tetraazabicyclo[11.3.1]heptadeca-l(l7),13,15-
trienenickel(m) ion 15.58 

Aquabromo-a-2.12,.;dimethy 1-3. 7.11.17..; 
tetraazabicyclo[1l.3.1]heptadeca-l(17),2,6,11,13,15-
hexaenenickelQII) ion 15.65 

Aquabromo.;a-2, 12-dimethyl-3,7, 11,17-
tetraazabicyclo[l L3.1]heptadeca-l(17),2,11,13,15-
pentaenenickel(m) ion 15.62 

Aquabromo-l1-methyl~13-(trifluoromethyl)-1,4,7,10-
tetraazacyclotrideca-l 0, i 3-dienenickel(m) ion 15.39 

Aqua(bromo )nitrilotriacetatocobaltate(ID) ion .' 6. 107 

Aqua( carboxymethyl )nitrilotriacetatocobaliate(lIl) ion 
6.104 
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Aqua( chIaro )tetraethyldiethylenetriamine(}::tydroxy )platinum(lll) Benzene, 1 ,'1: ~~el1l.uJ)"j§~ . 25.4~32 

ion ... 19.43 Benzene,1,2,4,5-tetr~ethoxy~ ·····25.4A8, 

Aquadicbloro( diethylenetIiamin~)pl~tinum(Ql) jon 19~39 Benzene, 1, l' ~thi()bis\ ··~·25.4.3 t 
Aqua( dichloro )tetraethyidiethylenetriamineplatinum(lll) . Benzene,~ ,2,3.~trimethqxY~1 ~~~~4,::25.4.53 

AqUa-:~2.1~~~~ethYI_3.7,n;17c Benzene •. l.2.4~trinl~!>l\y;t.?,2{2§·1·54 
Benzene,~ 1,~,5 .. mmethoxy.. .1 .. 5;46,2~~4.55 

tetraazabicyclo[11.3.1]heptaq.eca~1(17),2.,6,11,13,lj..; l,4-Be.nzen. ed ... iann .. 'ne,N .. ;N. ;N~.;N"~tetrarnethyl..; 
hexaene( thiocyanato)nicke1(Ip:) ion '15.67 

9~34.7, 

Aqua-a-2, 12-dimethyl .. 3,7, 11, 17 .. 
tetraazabicyc1o[ 11.~.l]hept~deca-l (17), 13, 15-
triene(thiocyanato )nickel(J1I) ion15~59 . 

Aqua-a-2,12-dimethyl-3,7,p,17- . . .': ' ..... . 
tetraazabi<fyclo[l1.3~1]heptad~c~-1(17),2, 11,13,15· 
pentaene(thlocyamito)iiickel(ID) ion '·15.63 

AquaCl -ethoxyethyl}nitriiotriac~tatocobaliaie(IlI) ion 
'B.105 . 

Aqua( ethy lenediaminetetraace(ato)nickelate(llI)' ion" 15.72 

Aqua(5, 7, 7,12, 14, 14 .. h~xameihYI-.i ,4,8~,1(. , 
tetraa 7.3 eye 1 otetrarlec::l.-4, l1-di ~rte )hydroxyeohfil t(TTT) 
ion 15.8.3; 15.10.5 

Aqua(l :'hydroxyethyl)nitrilotriacetatocobaltat(;!(m) ion 
6.103 . 

Cis;..Aqua(l ~hydroxyethyl)(nitrilotriacetato )cuprate(m) ion 
8.84A,8~8~ 8.86.1 . 

Aqua( I-hydroxy-:-1 ~ . , 
methy lethyl)nitrilotria~etatoc6bru.rate(ll}ion 6. 106 

clS-Aqua(1-hydroxy-l~ 

methylethyl)(nitrilotriacetato)cuprate(lII) ion 8.86 

,qua(hydroxymethyl)[}l-(2~~ydroxyetbyl)-NN',N' -
ethy lenediaminetriacetato ]copaltate(illj ion 6. 108 

Aqua(hydroxymethyl)nitrilotriacetatocobaltate<m) ion 
6.102 . 

cis-Aqua(hydroxymethyl) (Ilitrilotriacetato )cuprate(III) ion 
8.84 

Aqua(methyl)nitrilotriacetatocobaltat~(llI) ion 6.101 

Aqua(methyl)nitrilotriacetatofettate(m) ion 9.28 

Aqua(methyl)nitrilotriacetatomanganate(ill). ion. 13.28 

. Aquam~thy 1 (1,4,8, 11 ~tetraazacyclotetradecane )nickel(ll) 
. ion '15,41 

Aquapentachloroplatinate(III) iOil 19.28, 
Aquatetrachiorobydroxyplatinate(lll): ion' 19.29 

Aquatriamminerhodiuin(ll) ion 21.7 

Asaronic acid 1.5.29, 25.4,58 
Ascorbate ion 13.14.1, 13.17.1, 13.19.1,13.20.1, 15.45.1 

Ascorbate :radical anion 6.14. 1 

Aspartate monoartion '.1.9.4 

Azideion '8.52.4 

Benzene,(bromol11e~~Yn.,;'.: 7.3;2 

Benzene, 1 ,4~dicyano'- -.25.2.14 

Benzene, 1,2-dim~thoxy- 1.5.9, 25.4.18,25.5; 10 

,Benzene, ·'1 ,3-dimetho~y-. 1.5.10, . 25,4~ 19 

Beit~eIle, 1,4-dimcthuxy-1.5.11, 25.4.20,25.5.11 

Benzene, methoxy- {S.7,25.4.13 

Benzene, nitro- 1.1.12, 1.2.10, 1.3.9 

.!}.35.1,9.36:3{ ~37.1'1,;9.~4J, 
1,4-Benzenediol,(1,1-dimethylethyl)~.·,13 .. 15.2,<.13.18;2' 

·1,4-Berizenediol;'trimethYF·2-?50.84,' 

1 ,2-Be~Zeliediol'13. :15.3r13.}8;.3' 

1,3-Beri~en~d~ol 13.15:4,,13.1££7 

h4~Benzenediol!. ·~2~50.64:,,28.22.4 

"B6nzir ;:" 5; 1 ~58,'S;2~1i5~3~2; 
Benzoate ion,2,3-dirnethoxr-' 1 ~6.2 

Benzoateion; 2,4-dtmetlioxy~: . '1.6:4 

Benzoate ion,. 2,6-dimethQxy,,; "1 ;6~5 

Ben~oate ion~···~;4:-diilietli0xY- .. ,"1;0:3 
Benzoate ion,3;5~dirriethoxy,:,,:·1.6.6 

Benzoateion,2-methoxy~"· jt6;7'~ 

Benzoate ion;3-methoxy-1.6di' 

B~nzoate ion,4-methoxy- ",1.6.9, 
"1,3-Benzodiox()I,"5-oI~ion{l~):'i:9;~4.5 
Benzoicacid,2':'lI1ethox;Y~t.'&2:1,'~25~4.37 
Benzoic acid:.3~met1ioxy~··"1.5.22~·' 25.4.38" 

Benzoic acid, '4-rii~ihoxy;<,:1.!i23,'25.4.39 
Benzoic acid, 3,4,5~trilll~th6xr~··.· .1;5~28i:25.4.57 
Benzophenone 5. 1.59,::5.2.2,·' 5;:3.3; .6.4.l,5.:5.r; 6.1.27, 

28.2.60 ,.' .. ' 

Benzophenone;4,4' -dimeth()xY7'5.1. 61;S.2.3;5.3.4, 5.4 
'·1~Benzopyran;'2-carboxYlicaCfd, 3,4;'dihydro~6-hydroxy~ 

, 2~5;7,8-tetramethYl;;.,ion(h}18.1Z2, 18;'18.4 

1,4-Benzoquinone, tetramethyI-S; '1.62,5.2.4, 5.3.5, 5.4 
5.5~2,22.3A9 ; 

1,4;;.Benzoquitione '1'-2~7;:5;1~6iJ; ".6.1.28,7.2.5,.8.15.10, 
'10.6.3, 10.7.;1,·10.;8.4~:·10.9;1/10.10.8, 10~ 11.3; 
10.12.3,10.13.1i45.\1A1,15~8A6,1'5.10.20, 17.2.~ 
22.3.41i22.35-.3i25~t 17,,28.2.61' 

1,4-Be.n~oseIniquinone, ,.radicid: h,>n ,28.22.tt::. 

3,-Benzoylpyridine'6:B;23,<15;8;17, 15.10.21 

Benzyl bromide 7.3.2 
. N-Benzyl-3-carbaIIlylpyridiny 1 '28.;23.2 

B enzyicopper(lII) ion B.74 , 

I-Benzylnicotinamide radical 28.23.2 

Benzyl viologen radical cation 22.50.7: .. 

Bicarbonate ion '6;6.5 
(2,2' ~Bipyrazine)(2,2' -bipyridine )(2,2'~' 

bipyrirnidiIle )rutheniutn(U) ion, electron adduct 
22.10 -

(2,2':':Bipyrazine)(2,2'-bipyridine)(2i2'
bipyrimidine)ruthepium(ll) ion, electron· adduct, p 
tonated 22.11' ' 
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(2,2; -Bipyrazine )bis(2,2' -bipyridine )ruthenium(ll) ion, elec
tron adduct 22.8 

(2,2' -Bipyrazine )bis(2,2' -bipyridine )rutheniufn(ll) ion, elec
tron adduct, protonated 22.9 

(2,2' -Bipyrazine )bis(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct 22. 16 

(2,2' -Bipyrazine )bis(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct, protonated 22. 17 

2,2'-Bipyridine, conjugate acid 6.11.1,22.3.42 

(2,2' -Bipyridine )bis(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct 22. 14 

(2,2' -Bipyridine )bis(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct, protonated 22. 15 

2,2' -Bipyridinebis(oxalato)chromate(II) ion 7.21 

2,2' -Bipyridinebis( oxalato )chromate(ill) ion 5. 1.37, 
28.2.39 

2,2' -Bipyridinebis[2-(2-thiazolyl)pyridine]ruthenium(III) 
ion 22.64 

2,2'-Bipyridinecobalt(ll) ion 6.1.13, 22.3.5 
2,2' -Bipyridinecobalt(I) ion 6.9 

2,2'-Bipyridinecobalt(I) ion 6.8 

2,2'-Bipyridinetetracyanoferrate(ll) ion, electron adduct 
9.3 

4,4'-Bipyridinium, 1,1' -bis(3-sulfonatopropyl)-, radical 
anion 19.47.3, 22.50.69, 28.14.6 

. 4,4' -Bipyridinium, 1,1' -bis(3-sulfonatopropyl)-3,3'
dimethyl-, radical anion 22.50.70, 22.55.11 

4,4' -Bipyridinium, 1,1' -bis( 4-sulfonatobenzyl)-, dihydroxide 
bis(inner salt) 22.3.43 

4,4' -Bipyridinium, 1,1' -bis( 4-sulfonatobenzyl)-, dihydroxide 
bis(inner salt), radical anion 22.50.67 

4,4' -Bipyridinium, 1,1' -diheptyl-, radical cation 28.14.11 

4,4'-Bipyridinium, I,l'-dihexyl-, radical cation 28.14.10 

4,4' -Bipyridinium, 1,1' -dimethyl- 7.3.1, 9.3.2, 9.4.2, 
21.11.5.22.3.48.22.6.1. 22.7.1. 22.8.1. 22.9.1. 
22.10.1, 22.11.1, 22.12.2, 22.13.1, 22.14.1, 22.15.1, 
22.16.1, 22.17.1, 22.18.4, 22.19.1, 22.20.1, 22.21.1, 
22.22.1, 22.23.1, 22.28.2, 23. 1. 1 

4,4'-Bipyridinium, l,I'-dioctyl-, radical cation 28.14.12 

4,4'-Bipyridinium, 1,l'-dipropyl-, radical cation 28.14.9 

4,4'-Bipyridinyl, I-methyl- 22.50.77 

2,2'-Bipyrid-3-ylium-C3 ,N' -bis(2,2' -bipyridine-
N ,N')iridium(ll) ion, electron adduct 12.3 

2,2' -Bipyrid-3-ylium-C3,N' -bis(2,2'-bipyridine-
N ,N')iridium(Ill) ion, conjugate monoacid, electron 
adduct 12.2 

2,2' -Bipyrid-3-ylium-C3 ,N' -bis(2,2' -bipyridine-
N,N')iridium(IV) ion, conjugate monoacid 12.4 

Bis( acetylacetonato )chromate(ll) 7.25 

Bis(acetylacetonato)cobalt(ll) 6.37 

Bis(alaninato)cuprate(I) 8.10 

Bis(J3-alanine )copper(ll) complex 8.59 

Bis(alanine)copper(ll) complex 8.58 

Bis( a-aminobutyric acid)copper(ill) complex 8.60 

Bis(J3-aminobutyric acid)copper(Ill) complex 8.61 

Bis(y-aminobutyric acid)copper(ll) complex 8.62 

3,7-Bis(2-aminoethyl)-1,3,5,7-
tetraazabicyclo[3.3.1]nonanenickel(Ij ion 15.16 

3,7-Bis(2-aminoethyl)-1,3,5,7-
tetraazabicyclo[3.3.1]nonanenickel(ll) ion 15.55 

Bis( a-aminoisobutyric acid)copper(Ill) complex 8.63 

Bis( ammine )cobalt(ll) ion 6.25 

Bisaquatetraammineplatinum(ll) ion 19.20 

Bis(2,2' -bipyrazine )(2,2' -bipyridine )ruthenium(ll) ion, elec
tron adduct 22.20 

Bis(2,2' -bipyrazine )(2,2' -bipyridine )ruthenium(ll) ion, elec
tron adduct, protonated 22.21 

Bis(2,2' -bipyrazine )(2,2' -bipyrimidine )ruthenium(II) ion, 
electron adduct 22.22 

Bis(2,2' -bipyrazine )(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct, protonated 22.23 

Bis(2,2' -bipyridine )([2,2' -bipyridinJ-3-yl-C,N')iridium(ill) 
ion, electron adduct 12.3 

Bis(2,2'-bipyridinc )([2,2' -bipyridin]-3-yl-C,N')iridium{ill) 
ion, conjugate acid, electron adduct 12.2 

Bis(2,2' -bipyridine )([2,2' -bipyridin]-3-yl-C,N')iridium(IV) 
ion, conjugate monoacid 12.4 

Bis(2,2' -bipyridine )(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct 22.6 

Bis(2,2' -bipyridine )(2,2' -bipyrimidine )ruthenium(ll) ion, 
electron adduct, protonated 22.7 

Bis(2,2' -bipyridine )bis( cyano )ruthenate(ll) ion, electron 
adduct 22.2 

Bis(2,2' -bipyridine )bis( cyano )ruthenium(Ill) ion 22.47 

Bis(2,2' -bipyridine)( 4-carboxy-4' -methyl-2,2'
bipyridine)ruthenium(ll) ion 22.5.1 

Bis(2,2' -bipyridine)( 4-carboxy-4' -methyl-2,2'-
bipyridine )ruthenium(ll) ion, electron adduct 22.4 

Bis(2.2' -bipyridine)coha1t(IT) ion 6.9. 1 

Bis(2,2' -bipyridine )cobalt(J) ion 6.10 

Bis(2,2' -bipyridine )copper(I) ion 8. 18 
Bis(2,2' -bipyridine )dicyanoferrate(II), OH reaction product 

9.14 

Bis(2,2' -bipyridine )dicyanoferrate(ll), electron adduct 9.1 
Bis(2,2'···bipyridine)(6,7-dihydro-5,8-

dimethyldibenzo[bj] [1,1 O]phenanthroline )ruthenium(II) 
ion, electron adduct 22.29 

Bis(2,2' -bipyridine)(dipyrido[3,2-a:2',3'-
c ]phenazine )ruthenium(TI) ion, electron adduct, dipro
tonated 22.26 

Bis(2,2'-bipyridine)( dipyrido[3,2-a:2',3'-
c Jphenazine )ruthenium(II) ion, electron adduct, pro
tonated 22.27 

Bis(2,2' -bipyridine)( dipyrido[3,2-a:2',3'-
c ]phenazine )ruthenium(ll) ion, electron adduct 22.28 

Bis(2,2' -bipyridine)( 4' -methyl [2,2' -bipyridine ]4-
carboxylato)ruthenium(TI) ion 22.5.1 

Bis(2,2' -bipyridine(oxalato)chromateCll) 7.20 
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Bis(2,2' -bipyridine )oxalatochromium(III)ion 5. 1.35, 
28.2.37 

Bis(2,2'-bipyridine)rhodium(II) ion 21.10, 21.11.2 

Bis(2,2'-bipyridine )ruthenium(II)( 4-carboxy-4' -methyl-
2,2' -bipyridine )(prolylprolinato)
pentaamminecobalt(III) ion, electron adduct 22.5 

Bis(2,2' -bipyridine) [2-(2-thiazoly l]pyridine ]ruthenium(ffi) 
ion 22.63 

1, I' -Bis( carboxyethyl)-4,4' -bipyridinium radical ion (1 +) 
28.15.6 

1,1' -Bis( carboxymethyl)-4,4' -bipyridinium radical cation 
22.50.65 

Bis( 5-chloro-l ,1 O-phenanthroline )copper(I) ion 8.20 

Bis( diethylenetriamine )cobalt(II) ion 6.30 

l,4-Bis(N,N-dimethylamino)benzene 9.34.7, 9.35.1, 
9.36.3, 9.37.1, 9.38.1 

. 3,7-Bis(dimethylamino)phenothiazinium 25.5.19 

Bis(4,4'-dimethyl-2,2' -bipyridine)cobalt(J) ion 6.15 

Bis(4,4' -dimethyl-2,2' -bipyridine)cobalt(II) ion 6.12.1 
Dis( dimethylglyoximato )methylcobalt(ID) difluoroborate 

22.3.11 

Bis(2,9-dimethyl-l, 1 O-phenanthroline )copper(I) ion 8.23 

Dis( ethy lenediamillc )cobalt(II) ion 0.28 

cis-Bis(ethylenediamine)difluorocobalt(III) ion 5.1.13, 
15.1.13, 28.2.16 

Bis(ethylenediamine)platinum(I) ion 19.7, 19.7.1 

Bis(ethylenediamine)platinum(II), C12o- reaction product 
19.34 

Bis(ethylenediamine)platinum(Il), H reaction product 
19.11 

Bis( ethy lenediamine )platinum(IlI) ion, deprotonated 19.37 

Dis(glycinato)cobalt(I1) 0.40 

Bis(glycinato )methylcopper(III) ion 8.82 

cis-Bis(glycinato)platinate(I) ion 19.9 
trans-Bis(glycinato)platinate(I) ion 19.10 

cis-Bis(glycinato)platinum(II), H reaction product 19.14 

trans-Bis(glycinato)platinum(II), H reaction product 19.15 

cis-Bis(glycinato)platinum(II), OR reaction product 19.45 

trans-Bis(glycinato)platinum(II), OR reaction product 
19.46 

Bis(glycinato )platinum(III) 19.45 

Bis(glycine)copper(III) complex 8.57 

1,1' -Bis(2-hydroxyethyl)-4,4' -bipyridinium radical cation 
22.50.66 

Bis(hydroxyprolinato )palladate(I) ion 18.2 

Bis(hydroxyprolinato )palladium(U), electron adduct 18.2 
Bis(iminodiacetato )nickelate(II), H-abstraction product 

15.28 

Bis(5-methyl-l,lO-phenanthroline)copper(J) ion 8.22 

Bismuth(II) ion 4.1, 4. 1. 1 

Bis(5-nitro-l, 1 O-phenanthroline )copper(I) ion 8.21 

Bis( octahydro-l,4, 7-triazonine )nickel(llI) ion 15.34 

Bis( oxalato )phenanthrolinechromate(II) ion 7.23 

Bis( oxalato )phenanthrolinechromate(III) ion 5. 1.38, 
28.2.40 

Bis(J.l-oxo )bis[ aquae oxalato )oxomolybdate(IV)(V) ion 

Bis(J.l-oxo )bis[ (cysteinato )oxomolybdate(V)] ion 2B.2.1j 

Bis(J.l-oxo)( ethylenediamj.netetraacetato )-
bis[oxomolybdate(V)] ion 28.2.47 

Bis(J.l-oxo)( ethylenediaminetetraacetato)-
bis[oxomolybdate(IV)(V)] ion 14.2 

Bis(2,4-pentanedionato )cobalt(II) 6.37 

Bis(l,lO-phenanthroline)copper(I) ion 8.19 
Bis( 1,1 O-phenanthroline )(2-hydroxy-2,2-

dimethylethyl)copper(II) ion 8.43 

Bis( 1,1 O-phenanthroline )(2-hydroxyethyl)copper(Il) ion 
8.42 

Bis( 1,1 O-phenanthroline)( oxalato )chromate(ll) 7.22 

Bis(l, 1 O-phenanthroline)( oxalato )chromium(ll) ion 
5.1.36, 28.2.38 

1, l'-Bis( 4-sulfonatobenzyl)-4,4' -bipyridinium zwitteriOl 
22.3.43 

1,l'-Bis(4-sulfonatobenz.yl)-4,4'-blpYl~idlnium z.wltteriol 
radical anion 22.50.67 

1,1' -Bis(2-sulfonatoethyl)-4,4' -bipyridinium radical ani, 
19,47.2,22.50.68,28.14.5,28.15.7 

1,l'-Bis(3-sulfonatopropyl)-4,4' -bipyridinium radical 
anion 19.47.3, 22.50.69, 28.14.6 

1,1' -Bis(3-sulfonatopropy 1)-3,3' -dimethy 1-4,4' -bipyridi J 

radical anion 22.50.70, 22.55. 11 

Bis( 1,4,7 -triazacyclononane )nickel(III) ion 15.34 

1,1'-Bis[3-(trimethylammonio)propyl]-4,4'-bipyridiniur 
radical cation 22.50.71, 28.14.7, 28.15.8 

Bleomycin-copper(I) complex 8. 11 
Boric acid 6.6.2 

Bromateion 5.1.8, 5.7.2, 5.8.1, 5.9.1, 5.10.2, 6.1.2, 1; 
28.2.8 

Bromide ion 15.2{).1, 15.48.2, 15.85.3 

(4-Bromobenzyl)-1,4,8,12.tetraazacyclopenta
decanechromium(Ill) ion 22.50.36 

Bromocob(ll)alamin 6.94 
Bromo-a-2, 12-dimethyl-3,7, 1 1,17-

tetraazabicyclo[ 11.3.1 ]heptadeca-l (17),2,6,11,13 
hexaenenickel(ill) ion 15.69 

Bromoform 1.1.8, 1.2.8, 1.3.5 

Bromo(5,7,7,12,l4,14-hexamethyl-l,4,8,11-
tetraazacyclotetradeca-4.11-diene )nickel(III) ion 
15.48 

Bromo(iminodiacetato )cobalt(III) 6.77 

Bromomercury(1) 10.6 

Bromomercury(I)peroxy 1 10.7 

4-Bromophenoxyl 22.3.44 

Bromo[5,lO,15,20-tetrakis(1-methylpyridinium-4-
yl)porphinatomanganate(III) ion 13.31 

Bromo [ 5,10,15 ,20-tetrakis( 4-sulfonatopheny 1)
porphinatomanganate(llI) ion 13.29 

a-Bromotoluene 7.3.2 
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tert-Butyl alcohol 17.9.2 

1,1'-Butylene-2,2'-bipyridinium radical cation 22.50.80 

tert-Butyl hydroperoxide 7.3.3 

tert-Butylhydroquinone 13.15.2, 13.18.2 

(2-Butyl)-1,4,8,12-tetraazacyclopentadecanechromium(ID) 
ion 22.50.33 

(Butyl)-l ,4,8, 12-tetraazacyclopentadecanechromium(ll) 
ion 22.50.32 

C.I.75480 5.1.64 

Cadmium(II) ion 25.1.3, 25.2.3 

Cadmium(I) ions 5. 1 

Carbonate ion 15.70.2 

Carbonatobis(ethylenediamine)cobalt(ll) ion 5.1.12, 
15.1.12, 28.2.15 

Carbonatoiron(IV) 9.48 

Carbon dioxide 6.5.3, 6.6.4,25.1.2 

Carbon dioxide radical anion 5.1.7, 6.80.1, 15.1.:3, 22.:3.45 

Carbon monoxide 6.5.4, 6.6.3, 9.8.1, 9.9.1, 9.10.1, 9.11.1 

Carbon tetrachloride 1.1.9, 1.2.9, 1.3.6 
Carboxybismuth(IV) ion 4.6 

2-Carboxy-2,2-dimethylethyl, anion 9.7.6, 22.37.7 

2-Carboxy-2,2-dimethylethylchromium(III) ion 7.35 

2-Carboxy-2,2-dimethylethylcopper(II) ion 8.37 

2-Carboxy-2,2-dimethylethylcopper(III) ion 8.72 

l-Carboxyethylcopper(III) ion 8.69 

Carboxyferricenium 9.35 

l·Carboxy-l-hydroxyethylchromium(III) ion 7.34 

2-Carboxy-2-hydroxy-2-methylethyl, anion 9.7.5, 22.37.6 

2-Carboxy-2-hydroxypropyl anion 9.7.5, 22.37.6 

Carboxy latocopper(II) 8.29 

Carboxy lato(2-
hydroxyethy lethy lenediaminetriacetato )ferrate(III) 
ion 9.30 

Carboxylatomethylcopper(III) ion 8.68 

Carboxylatonickel(II) 15.20 

Carboxylato(nitrilotriacetato )ferrate(ID) ion 9.29 

Carboxyl radical anion 5.1.7. 6.80.1. 15.1.3. 22.3.45 

Carboxymethylcopper(III) ion 8.68 

4-Carboxyphenoxyl, conjugate base 22.3.46 

Catechol 13.15.3, 13.18.3 

Cerium(lV) sulfate complex 8.5.1 

Chlorate ion 28.2.9 

Chloride ion 8.51.1, 8.52.2, 12.4.2, 19.20.2, 19.38.1, 
25.4.1 

Chloroacetate ion 1.1.10, 1.3.7 

Chlorobis( ethylenediamine )platinum(lII) ion 19.35 

Chlorocobalt(III) ion 6.100 

Chloro( diethylenetriamine )platinum(I) 19.8 

Chloro( diethy lenetriamine )platinum(II), C12• - reaction pro
duct 19.39 

Chloro( diethy lenetriamine )platinum(II), R reaction pro
duct 19.12 

Chloro( diethylenetriamine )platinum(II), OR reaction pro
duct 19.40 

2-Chloro-l O-dimethy laminopropy lphenothiazine, conjugate 
acid 25.4. 14, 25.5.6 

Chloroform 1.1.11, 1.3.8 

Chloro-5,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradeca-4, Il-dienecopper(ID) ion 
8.51 

Chloroiron(lII) complexes 7.4.8, 7.6.5, 7.7.1, 7.8.4, 7.11.4, 
7.14.1, 7.15.3, 7.17.2, 7.18.1, 7.19.1 

Chloroiron(lII) ion 25.7.2 

Chloromanganese(ll) ion 13.25 

Chloromercury(l) 10.8 

Chloromercury(I)peroxyl 10.9 

Chloro( oxo )antimony(V) uroporphyrin I, radical anion 
23.1 . 

Chloropentaammineruthenium(III) ion 22.43. 1 
Chloro(pentacyano )cobaltate(ll) ion 6.42 

4-Chlorophenoxyl 22.3.47 

(4-Chloropheny l)methy lcopper(IIl) ion 8.75 

(4-Chlorophenylmethyl)-1,4,8,12-
tetraazacyclopentadecanechromium(ll) ion 22.50.37 

Chloro(tetraethyldiethylenetriamine)platinum(ll), OR reac
tion product 19.43 

Chloro(tetraethyldiethylenetriamine )platinum(ll), CI2·

reaction product 19.42 

Chloro(tetraethyldiethylenetriamine )platinum(ll), R reac
tion product 19. 13 

Chlorothallium(II) ion 25.7 

Chlorotris[3-( dipheny lphosphino)-
benzenesulfonato ]rhodate(l) ion 22.3.33 

Chlorotris[3-( diphenylphosphino)-
benzenesulfonato]rhodate(O) ion 21.1 

Chlorpromazine, conjugate acid 25.4.14, 25.5.6 

Chromate(V) 1.5. 1, 7.39 

Chromate(VI) ion 5.1.39 

Chromate(V) ion 7.40 

Chrominm(JJ), pentaaqua(l-methylethyl)- 22.50.22 

Chromium(III), tris(1,lO-phenanthroline-Nt NlO)- 5.1.34, 
7.9.1, 7.10.1, 28.2.36 

Chromium(In) ion 22.3.12, 25.1.4, 25.2.4 

Chromium(II) bis(acetylacetonate) 7.25 

Chromium(II) ion 7.2,22.50.19 

Chromium(II) tris(2,2'-bipyridine) 5.1.33, 6.4.2, 6.6.11, 
7.5.1,8.15.3, 15.8.6, 15.10.8, 15.11.1, 15.13.1, 
28.2.35 

Chromium(II) tris(4,7-dimethyl-l,lO-phenanthroline) 7.16 

Chromium(II) tris(4,4' -diphenyl-2,2' -bipyridine) 7.7 

Chromium(II) tris(4,7-diphenyl-l,lO-phenanthroline) 7.19 

Chromium(II) tris(5-phenyl-l,lO-phenanthroline) 7.18 

Chromium(l) ion 7. 1 

Cob(III)alamin 6. 18.2 

Cob(I)alamin 6. 18 
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Cobal(I)amin 6. 18 

Cobalt(II), bis(4,4'-dimethyl-2,2'-bipyridine) 6.12.1 

Cobalt(II),4,4'-dimethyl-2,2'-bipyridine 6.1.14,22.3.6 

Cobalt(II), 5,7,7,12,12,14-hexamethyl-l,4,8,11-
tetraazacyc1otetradeca-4,14-diene 22.3.8 

Cobalt(II),5,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyc1otetradeca-4,11-diene 6.5.2, 6.100.2, 
13.25.2 

Coba1t(II), 8-methyl-l,3J3,16-tetraaza-6,l0,19-
trithiabicyc1o[6.6.6]eicosane 6.53, 22.50.3 

Cobalt(II),2,3,9,10-tetramethyl-l,4,8,11-
tetraazacyc1otetradeca-l ,3,8, 10-tetraene 6.55, 
6.100.1, 13.25.1, 22.50.8 

Cobalt(II), tris(4,4'-dimethyl-2,2'-bipyridine) 6.15.1, 
22.3.7 

Coba1t(ID),2,3,9,10-tetramethyl-l,4,8,11-
tetraazacyclotetradeca-l,3 ,8,1 O-tetraene 15. 10.6 

Coba1t(lII), tris(4,4'-dimethyl-2,2'-bipyridine) 6.16.1 

Cobalt(III) (l-hydroxy-l-methylethyl)-5,10,15,20-
tetraphenyl)porphyrin 6.88 

Cooalt(ID) ion 6.99, 25.4.3 

Cobalt(ID) (l-methylethyl)-5,10,15,20-
tetraphenyl)porphyrin 6.86 

Cobalt(lII) tris(2,2'-bipyridine) 6.4.1, 6.6.6, 7.4.3, 7.6.2, 
7.8.1, 7.11.1, 7.16.2,8.15.2, 8.16.1, 8.17.1, 15.8.5, 
15. 10.4, 22.3. 10, 28.2. 11 

Cobalt(III) tris(l,lO-phenanthroline) 7.4.4, 7.6.3, 7.8.2, 
7.11.2, 7.16.3 

Cobalt(IT) 2,2'-bipyridine 6.1.13, 22.3.5 

Cobalt(II) bis( acety lacetonate) 6.37 

Cobalt(II) bis(2,2'-hipyridine) 6.9.1 
CObalt(II) dihydroxytetrakisC I-methylpyridinium-4-

yl)porphyrin 28.4.3, 28.5.3, 28.6.3 

Cobalt(II) dihydroxytetrakis( 4-sulfonatopheny 1 )porphyrin 
28.4.1,28.5.1, 28.0.1 

Cobalt(II) dihydroxytetrakis[ 4-(N ,N,N-trimethy lammonio)-
phenyl]porphyrin 28.4.2, 28.5.2, 28.6.2 

Coba1t(II) iminodiacetate 6.57.1, 6.59.1 

Cobalt(II) ion 22.3.2, 25.4.2, 28.2. 10 

Cobalt(II) pyrophosphate 9.49.5 

Cobalt(II) 5,10,15 ,20-tetrakis( 4-sulfonatopheny 1 )porphyrin 
28.14.3, 28.15.3 

Cobalt(II) tris(2,2'-bipyridine) 6.10.1, 6.39, 22.50.10, 
22.54.1,22.55.1,22.59.1,22.62.1 

Coba1t(II) tris(1,IO-phenanthroline) 6.40, 22.50.11 

Cobalt(l) 2,2' -bipyridine 6.9 
Coba1t(I) bis(2,2'-bipyridine) 6.70 

Cobalt(I) ion 6.1, 6.1.3 

Cobalt(I) 5,10,15 ,20-tetrakis( 4-sulfonatopheny I )porphyrin 
6.17 

Cobalt(I) tris(2,2' -bipyridine) 6. 11 

Cobaltate(II), [phthalocyaninetetrasulfonato- 6.41, 
22.50.12 

Cobaltocene 6.65 

Copper, (C,O)-carbon dioxide 8.29 

Copper(II),5,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradecane 6.100.3 

Copper(III) 8.45 

Copper(ID), bis(~-alanine) 8.59 

Copper(ID), 5,7,7,12,14, 14-hexamethyl-l ,4,8, 11-
tetraazacyclotetradeca-4,11-diene 8.52 

Copper(Ill) hydroxide 8.47 

Copper(II) ion 1.1.4, 5.1.41, 6.1.15, 8.29.2, 15.1.29, 
15.29.2,22.3.24, 22.30.1, 22.31.1, 22.33.1, 25.1.:, 
25.2.5,28.2.42 

Copper(II) ion, complex with cyc10hexene 8.39 

Copper(II) ions 19.25.2, 19.34.2, 19.35.2, 19.37.2, 
19.39.1, 19.42.1, 19.45.2, 19.46.2, 19.46.3 

Copper(II) pyrophosphate 9.49.7 

Copper(I) bis(2,2' -bipyridine) 8. 18 

Copper(I) chloride 8.6, 22.50.43 

Copper(l) chloride complex 8.2. 1, 8.4. 1 

Copper(1) chloride complex with copper(O) 8.3 

Copper(I) ion 8.5, 8.29.1, 22.50.42, 22.51.1, 22.55.6, 
22.56.1, 22.57.3, 22.58.1, 22.59.5, 22.60.1, 22.61.1 
22.62.2 

Copper(J) ion complex with copper(O) 8.4 

Copper(I) sarcophagine 8. 12 

Copper atoms 8.2 

Copper(O) chloride complex 8. 1 

Cuprous chloride B.6,22.50.43 

Cyclohexane, 1,2-dihydroxy- (cis) 1.7.3 

Cyclohexane, 1,2-dihydroxy- (trans) 1.7.4 

cis-l,2-Cyc1ohexanediol 1.7.3 
trans-l,2-Cyclohexanediol 1.7.4 

CycIohexene-copper(II) complex 8.39 

(Cyc1ohexyl)-1,4,8,12-
tetraazacyclopentadecanechromium(Ill) ion 22. El( 

Cyc10pentyl 15.1.7 

Cyc1opentylnickel(II) ion 15.24 

Cysteine 22.50.72 

Cytosine, I-methyl- 25.5.18 

DPN 28.23.1 

Decaammine(dinitrogen)diruthenium(I-n) ion 22.38 

Decaammine(dinitrogen)diruthenium(n) ion, OH-adducl 
22.39 

lJecaammine( dinitrogen)dirutheniumCll -In) ion 22.40 

Decaammine-Il-peroxidodicobalt(m) ion 6.110,22.50. 

1,4,5,7,7,8,11,12,14,14-Decamethyl-l,4,8,11-
tetraazacyclotetradecanenickel(I) ion 15.9 

2'-Deoxyadenosine 5' -monophosphate 25.5.7 

Deoxyadenosine monophosphate 25.5.7 

Deoxyadenylic acid 25.5.7 

2'-Deoxy-5'-adenylic acid 25.5.7 

2' -Deoxyguanosine 5'-monophosphate 25.5.8 

Deoxyguanylic acid 25.5.8 
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3,7 -Diamino-2,8;..dimethyl-S-phenylphenazinium 25.5.23 

3,7 -Diamino-2,8-dimethyl-S-phenylphenazinium, conjugate 
monoacid 25.4.46 

1,8-Diamino,.3,6, 10, 13,16, 19-hexaaza
bicyclo[6.6.6]eicosanecobalt(ll) ion 6.52, 22.55.5, 
22.57.2,22.59.4 . 

1,8-Diamino-3,6,10,13,16,19-hexaaza-
bicyclo[6.6.6]eicosanecobalt(ll) ion, conjugate dia
cid 6.51, 22.55.4 

1,8-Diamino-3;6,10,13,16,19-hexaaza
bicyclo[6.6.6]eicosaneplatinum(ll) ion 19.44 

cis-Diammine( aqua)( 1 ,4,8, II-tetraazacyclotetradecane)-
chromium (Ill) ion 7.37 

cis-Diamminedichloroplatinate(I) ion 19.2 

trans-Diamminedichloroplatinate(I) ion 79.3 

cis-Diamminedichloroplatinum(ll), OH reaction product 
19.22 

trans-Diamminedichloroplatinum(ll), OH reaction product 
19.23 

Diammine(hydroxy)silver(lI) 1.10 

Diamminesilver(l) ion 1.1.3, 1.3.1 

1,3-:Diammonio-2-propylcopper(ll) ion 8.34 

Diaqua-a-2, 12-Dimethyl-3, 7 ,11,17-
tetraazabicyclo[II.3.1]heptadeca-l(17),13,IS
trienenickel(ill) ion 15.56 

Diaquabis(ethylenediamine)platinum(ill) ion 19.38 

Diaqua-ll-methy 1-13-( trifluoromethy I )-1,4,7,10-
tetraazacyc1otrideca-l 0, 13-dienenickel(Ill) ion, conju-
gate base 15.40 

trans-Diaqua-l ,4,8, 11-
tetraazacyc1otetradecanechromium(ll) ion 7.3 

Diaqua(2,3,9, 1 O-tetramethyl-l ,4,8, 11-
tetraazacyclotetradeca-l ,3,8, 10-tetraeneiron(ll) ion 
9.9 

1,I'-Dibenzyl-4,4'-bipyridinium radical cation 22.50.73 

Dibcnzylsulfonatc viologcn 22.3.43 

Dibenzylsulfonate viologen radical anion 22.50.67 

Dibromine radical ion 6.1.1, 12.2.2, 12.3.1, 15.69.1 

Dibromo-a,2, 12-dimethyl-3, 7,11,17-
tetraazabicyclo[11.3.1 ]heptadeca-l (17),2,6,11,13, IS
hexaenenickel(IlI) ion 15.66 

Dibromo(iminodiacetato )cobaltate(ID) ion 6.76 

Dibromomanganese(ill) ion 13.24 

1, I' -Dicarboxyferricenium 9.36 

1,2-Dicarboxy-2-hydroxyethylcopper(ill) ion 8.71 

cis-Dichlorobis(ethylenediamine)coba1t(ill) ion 5.1.10, 
15.1.10, 28.2.13 

trans-Dichlorobis(ethylenediamine)cobalt(IlI) ion 5.1.11, 
15.1.11, 28.2.14 

cis-[Dichlorobis(I-(2-h~droxyethyl)-2-methyl-S

nitroimidazole-N )]platinum(ill) ion 19.48 

Dichlorobis(hydroxy)platinate(ill) ion 19.31 

cis-Dichlorobis(isopropylamine )-trans
dihydroxyplatinum(IV), OR reaction product 19.49 

cis-Dichlorobis(isopropy lamine )-trans-
dihydroxyplatinate(ill) ion 19.24 

cis-Dichlorodiammineplatinate(I) ion 19.2 

trans-Dichlorodiammineplatinate(I) ion 19.3 

cis-Dichlorodiammineplatinum(II), OR reaction product 
19.22 

cis-Dichlorodiammineplatinum(ill) ion 19.22 

trans-Dichlorodiammineplatinum(ll), OR reaction product 
19.23 

trans-Dichlorodiammineplatinum(ill) ion 19.23 

Dichloro(S,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradeca-4, II-diene )nickel(ill) ion 
15.49 

Dichloro-meso-S,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetra.decane(hydroxy)manganese(IV) 
ion 13.34 

Dichloro-rac-S,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradecane(hydroxy)manganese(lV) 
ion 13.35 

Dichlorohydroxy( 1,4,7, I1-tetraazacyclotetradecane)
mangancsc(IV) ion 13.33 

Dichloromanganese(ill) ion 13.26 

Dichloromercurate(I) ion 22.50.56, 22.51.3, 22.56.2, 
22.62.3 

Dichloromethyliron(IV) deuteroporphyrin (2-propanolh, 
9.43 

Dichloro[ S, 10, IS ~20-tetrakis( 4-sulfonatopheny 1)-
porphinatostannate(IV) radical anion 24.2 

Dichlorothallium(ll) 25.8 

Dichromate(VI) ion 5.1.40, 28.2.41 

Dicyanoaurate(O) ion 3. 1 

1,4-Dicyanobenzene 25.2.14 

Dicyanobis(2,2' -bipyridine )iron(ID) ion 9. 1. 1 

Dicyanobis( 4,4' -dimethyl-2,2' -bipyridine )ferrate(ll), elec-
tron adduct 9.2 

Dicyano(hydroxy)aurate(II) ion, protonated 3.5 

Dicyanohydroxyaurate(II) ion 3.4 

Dicyclopentadieny Icobalt{II) 6.65 

1,I'-Didodecyl-4,4'-bipyridinium radical cation 28.14.13 

Diethy 1 disulfide 1.5.8, 1.7.5, 25.4. 15, 25.5.9 

Diethylenetriaminecobalt(ll) ion 6.31 
Diethy lenetriaminepentaacetatoferrate(ill), DTP A radical 

adduct 9.31 

Diethy lenetriamine(pyridine )platinum(II) ion 19.41.2 

Diethylenetriamine(pyridine )platinum(ll) ion OH-adduct 
19.41 

Diethyl sulfoxide 25.4.16 

(J!-Difluoroacetato )bis(J!-hydroxo )bis [triamminecobalt(ill)] 
ion 5. 1.30, 15.9.3, 28.2.32 

1,1' -Diheptyl-4,4' -bipyridinium radical cation 28.14.11 

1,1' -Dihexy 1-4,4' -bipyridinium radical cation 28. 14. 10 

7 ,8-Dihydrodipyrido[ 1 ,2-a:2', I' -c] [1,4 ]diazepinediium, radi
cal cation 22.50.82 
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Dihydrogendicyanoaurate(O) 3.3 

Dihydrogenferrate(V}ionc .·9.51 
Dihydrogen phosphate' ion 6:5.8, 6.6 .. 18, 6.7.5,15.8.9, 

15.10.15 
. . 

Dihydronicotiilamide adenine' dinucleotide _13.18.5 

1,2-Dihydrox:ybenzen~. '.13; 15.3i 13.18.3 

1 ,3.;;DihydtoxYbenzene· 13.15.4, . 13.1S: 7 

l,4-Dihydroxybenzene . 22.50.64; ·28.22.4 
Dihydroxycopper(IIl) ion. 8.5.3,·8A6 

l,4~Dihydroxy( 1, I-dimethylethy l)benzene 13.15.2, .13.18.~ 

1,2"DihYdroxyethYl(5,7,7,12,14,14-hexamethYI-IA,8,11"" 
-" tetra~izacyclotetradeca~4,1 ~~diene)cobalt(1I[) ion' 

6.85 

Dihydroxy lead(III). ion 17.8 
Dihydroxymethy1clito:rnium(IIl} i011 7.28 

Dillydr()~ysilver(ll} --1.B 

trans-Dihydroxy:-l?4,8,1.1:-tetraazacyclotetradecane- . 
chromium(ID), OR reaction product 7.38 

. DihYdroxytetrakis(l-methYlpyridiniulllA-
. yl)porphinecoba~t(ll)jon28.4.3, 28.5.3, 28.6.3 

Dihydroxytetrilis( 4~sulfoIiatophenyl}
.porphinatocobaltate(II) ion 28.4.1, 28.5.1, 28.6.1 

Dihydroxyt~trilis[ 4-(N ~N-trimethyiannllonio)
phenyl]porphillec,?balt(II) ion' 28.4.2, 28.5~2, 28.6.2 

Dihydroxy(2,3,9,10-tetramethyl-l,4,8,11-
tetraazacyclotetradeca"" 1,3 ,8, 10-tetraene)cobalt(III) 

.' . iori 6.6.10,15.8.4, 15JO.7 

Dihydroxythallium(II) 25. 6 
. Diiodine radical ion . '6,4 1. 1 

3,5-Diiodotyr~sine .'25.4.17 

1,2-Dimethoxybenzene 1;5.9,25.4.18, 25.5; 10 

1,3-Dimcthoxybenzene .·1.5. 10, 25.4. 19 

lA-Dimethoxybenzeile 1.5.11, 25.4.20,25.5.11 

l,4-Dimethoxybenzerieradical cation 12.3.3, 25.4.21 

. 2,3-Dimethoxybenzoate ion 1.6.2 

2,4~ Dimethoxybenzoate ion 1.6.4 

2,6~Dimethoxybenzoate ion' 1.6.5 

. 3,4-Dimethoxybenzoate ion 1.6.3 

3,5-:-Dimethoxybenzoate.ion 1;6.6 

2,3,.Dimethoxybenzoicacid 1.5.12, 25.4.22 
2,4-Dimethoxybenzoic acid 1.5.14, 25.4.24 

2,6-Dimethoxybenzoic acid 1.5. 15, 25.4.25 

3,4-Dimethoxyberizoic acid .1.5.13, 25.4.23 

3,5:-Dimethoxybenzoicacid1.5.16,25.4.26 

4,4'-Dimethoxybenzophenone 5.1.61,5.2.3, 5.3.4, t 
3,4-Dimethoxyphenol 9;38.2 
2,6-Dimethoxyphenoxide ion 9.36.2 

3,4;.;Dimethoxyphenoxide ion 9.34. 1 

3,5~Dimethoxyphenoxideion 9.36.1 

(Dimethylaminomethyl)ferricenium' 9.38 

. 2;.;(Dimethylammonio ):.l-(dimethy lammoniomethyl)
ethylcopper(II) ion .··.8.35 

2-(1)imethylammonio)ethy Icopper(II} ion 8 .. 36 . 

2;6.,.Dimethylbenzosemiquirione;:r~dica}'ion, ... 28.22.~ 

4,4' -Dimethyl-2,2'-bipyridirie, conjugate monoacid-tKtil 
4,4' -Dimethyl-2,2' -blpyriditi~c()balt(l)ion'>6.·12 -~'" 
-4,4' -Diinethyl-2,2';:bipyr1~hiecobalt(I)i~n, protonated::t; 

4,4'-Dimethyl-2,2' ;';bipy~di!lecobalt(l}jons -6.13 

4A' -:-Dimetliyl~2,2'-bipyridinecobali{II}ion -6.1.14,22~11 
4.4/-Dimethyl-2,~2' ~b{pyridi~e(hydndn)c(lhalt(TTT) ion- ga 
1, l'-Dimethyl-4A' ~l:>ipyridi~uJll,7.3.1,~~.3~2,; 9.4.2j 

21.11 .. ~,.,22.3;4B,~2~~~li2~.7.t.42.8.1i 22.9.1, 
'. 22.10.1 ,22~H-.1,2~ .. 12.2,.22.13.1, 22.14.1, 22.1~}; 
:-22.1-6.1, 22.J7.1, _?2.'18.4;:~2;~1!i1,,22.20.1,2?2'1(~ 

22.22.Jj .22.23;1,'22;28.~,23; 1.1' . 

1,1'~Diinethyl-4,4'-bipyridinihlllradic~cation 9.32.1,;; 
"'12.4.1,22.47,2,-22.50-74, 22.63.2, 22;64;1 ,22.6S.~ 
28.14;8,-28.15;9' 

vlmethyl disulfide 1.5.17, L7 .. 6,25.4.27, 25.5.12 

'1,1-Dimethylethanol .' J 7.9.2 

N,N-:-Dimethyl-4-nit:rosoaniline .. 5.1.68 . 

DimethyLsulfo~de:'25·1;28, . .' 
(X7'2,12-DimethYl .. 3,7,lJ,~7-te~niazabicyc1oIl1.3.1]:' 

heptadeca'::i'(l7),2;11,13,lS"perttaerienickel(I)ion' 
1~13 -

a;.;2,12-Dim~thYI;.;3,7,'11;1:7':t¢traa.zabicyclo[11.3.1]~ 
heptad~ca-l(J 71,2,11~13,15-pentaenecopper(ll) ion 
15.1,0;9 

a-2,12-Dim~thyl""3;7,11;17~tetraazabicyc1o[lL3.1]-
. • heptadeca:.l( 17),2;11;13;15-pentaenenickel(Il) ion 
. 15.10.13 

a-2,12:'Dimethyl-3,7,11~17~tetraazabicyC1o[11;3.1J
heptadeca-l (17)~2~1 h13'; 15~peIitaenecopper(I) ion 
·8~ 17 
-. . 

<x-2~12~Diinethyl-3;7,11~17-tetraazabicyclo[11.3.1]-

hept~deca~1(17),2,6,11,13,15:' 

hexaenebis(thiocyanato)nickel(III) ion·' '1 f>.68 

a-2,12-Dimethyl,.3,7;11,17~tetraazabicyclQ[11.3.1].;. 
heptadeca-l(17),2,ll,13,15,. 
pentat!nebis(hydroxo )nickeI(ffi) ion 10.0 I 

a~2,12-Ditnethyl-3,7,l1,1J7tetraazabicyclo[11.3.1]-
heptadeca-l(17),2,1t,13,15~ 
pentaenebis( thi.ocyan~to)nickel(lll) ion 15.64 

a-2,12-DimethYI-3;1,11,17-tetraazabicyc!o(II.3J]
heptadeca-l (17):1~,15~trienenickel(I) ion 15.12 

a-2,12-Diniethyl-3,7,1 1, 177tetraazabicyclo[1 1.3.1]
heptadeca-l(17),2,11, 13~15~pentaenecopper(ll) io] 
OH-adductB.44 . 

(X~2,12-Dimethyl':'3,7,11,17-tetraazablcyclo[11.3.1]
'heptadeca-l (17),2; 11 ,13 ~15- . 
. pentaene(hydroxO)nickel(III) ion ·15.60 . 

5,7~Dimethyl-l,4,8,lhtetraazacyclotetradeca-4,7-
. dienenickel(II) ion 6. JOO.5 '. 

11,13-Dimethyl:"lA,7,lO"tetiaazacyclotrideca-lO,13-
dienehickel(IIl) ion 15.37 

11,13-Diniethyl71 Ai 7, lO-tetraazacyclotcldeca-l 0, 13-
'dienenickel(ID) ion, conjugaLt; base, 15.88 
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11,13-Dimethyl-l ,4,7,1 O-tetraazacyclotrideca-l 0, 13-
dienatonickel(ill) ion 15.38 

I,S-Dimethyhlracil 25.5.20 
1,I'-Dioctyl-4,4'-bipyridinium radical cation 28.14.12 

Dioxomanganese(ill) ion 13. 13 
Dioxomethylnickel(TI) 15.20 

Dioxonickel(IV) ion 15.73 
Dioxonickel(IV) ion, protonated 15.74 
Dioxygen anion 15.44.2, 15.46.3, 15.50.2, 22.50.57, 

28.15.2 
Diphenyl selenide 25.4.30 

Diphenyl sulfide. 25.4.31 

Diphenyl telluride 25.4.32 
Diphosphooctadccamolybdatc ion(7 -), protonated 14. 1 

1, I' -Dipropyl-4,4' -bipyridinium radical cation 28. 14.9 

Dipropyl sulfoxide 25.4.33 
Dipyrido[l,2-a:2',1'-c][l,4]diazocine,6,7,8,9.:.tetrahydru-, 

radical ion (1+) 22.50.80 

I-Dodecyl-l ' -methyl-4,4' -bipyridinium radical cation 
28.14.14 

Dodecyl methyl viologen radical cation 28.14.14 
Duroquinone 5. 1.62, 5.2.4, 5.3.5, 5.4.3, 5.5.2, 22.3.49 
Electron adduct of nitrobenzene 28. 15. 12 

Eosin dianiort15.10.22 

Ethanol 25.4.34, 25.5.13 
Ethanolamine 1.7. 1 
2-Ethoxyethylchromium(ID) ion 7.33 
l-Ethoxyethylnickel(IT) ion 15.23 

4-Ethoxyphenoxyl ·22.3.50 

Ethyl alcohol 25.4.34, 25.5.13 

Ethyl disulfide 1.5.8, 1.7.5, 25.4.15, 25.5.9 
Ethylenediaminecadmium(I) ion 5.8 

Ethylenediaminecobalt(TI) ion 6.29 
Ethylenediaminecopper(ID) complex 8.49.8.49.2 
Ethylenediaminenickel(ID) ions 15.32 
Ethylenediaminetetraaceiate ions 22.50.75, 22.63.1, 

22.65.2, 22.66.1, 22.67.1, 28.14.15 
Ethylenediaminetetraacetato( I-hydroxybuty l)cuprate(IT) 

ion 8.41 
EthylenediaminetetraacetatoargentateCIT) 1.13 
Ethylenediaminetetraacetatocadmate(I) ion 5.7 

Ethylenediaminetetraacetatocobaltate(II) ion 6.48, 22.50.2, 
2B-14.2 

Ethylenediaminetetraacetatocobaltate(II) ion, H-abstraction 
product 6.61 

Ethylenediaminetetraacetatocobaltate(IT) ion, superoxide 
adduct 6.58 

Ethy lenediaminetetraacetatocobaltate(ll) ion, superoxide 
adduct 6.79 

Ethylenediaminetetraacetatocuprate(I) ion 8.9 
Ethylenediaminetetraacetatomanganate(IT), ion H

abstraction product 13. 10 

Ethylenediaminetetraacetatonickelate(IT) ion 15.30. 1 

EthylenediaminetetraacetatonickelateCll), H-abstraction pro-
duct 15.30 

Ethylenediaminetetraacetatonickelate(lll) . ion 15.70 

Ethylenediaminetetraacetatoosmate(ffi) ion 22.3.32 
Ethylenediaminetetraacetatoplumbate(TI) ion 5.7.7 

Ethylenediaminetetraacetatozinc(IT) H-abstraction product 
28.11 

Ethylene glycol 1.5.18, 1.7.7 

Ethylperoxyl,2-hydroxy-2,2-dimethyl- 22.37.9 
4-Ethylphenoxyl 22.3.51 

(Ethyl)-l ,4,S, 12-tetraazacyclopentadecanechromium(ID) 
ion 22.50.29 

Rllropillm(n). 4.7.13.16.21-pentaoxa-1.10-
diazabicyclo[S.8;5]tricosane 22.50.46 

Europium(ID),4,7,13,16,21-pentaoxa-l,10-
diazabicyclofS.S.51tricosane22.3.26, 22.29. 1 

Europium(ID) ion 22.3.25, 22.30.2,22.31.2,22.32.1, 
22.33.2 

Europium(IT) ion 22.~9.6 
Ferrate(IV) ion 9.46 

Ferrate(V) ion 9.52.2, 9.53 
Ferriceninm, (dimethylamino)methyl- 9.38 

Ferric oxalate 9.5.1 
Ferricyanide ion" 3.1.3, 6.98.1, 8.84.3, 9.13.2, 9.34, 

15.28.2, 22.24.9, 25.1.6, 25.9.6, 98.6.4 

Ferrocyanide ion 9.49.8, 19.31.1, 19.37.3, 19.45.3, 
19.46.4, 22.46.1, 22.50.53, 28.13.3, 28.15.4 

Ferrous oxalate 9.5 

Ferrous sulfate 22.47.1, 22.50.51, 22.51.2, 22.52.1, 
22.54.2,22.57.4 

9-Fluorenone 5.1.63, 5.3.6, 5.4.4, 5.5.3, 6.6,94 

Fluoren-9-one 5.1.63, 5.3.6, 5.4.4, 5.5.3, 6.6.24 

Fluorescein dianion 15.8.18, 15.10.23 . 
fluorescein dianion, 2',4',S',7'-tctrabromo- 15.10.22 

(IJ.-Fluoroacetato )bis(lJ.-hydroxo )bis[ triamminecobalt(ll)] 
ion 5.1.31, 15.9.4, 28.2.33 

(4-Fluorophenylmethyl)-1 ,4,S, 12-tetraazacyclopenta-
decanechromium(ID) ion 22.50.38 

Fonnaldehyde 25.1.18, 25.5.14 
Formic acid 6.5.6, 6.6.25 

Fumaric acid 8.5.22 

Glycinate ion 1.7.8, 1.9.5 
Glycinatocadmium(I) ion 5.9 

Glycinatocobalt(II) ion 6.47 

Glycinatocopper(IT) ion 8.47.3 
Glycinatonickel(ID) ion 15.33 

Glycine 1.5. 19 
Glycine, negative ion 1.7.8, 1.9.5 
Glycine ion(l-) 1.7.8, 1.9.5 

Glycyltryptophan 25.5. 16 
Gold(ll) 3.6 
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Guano$ine 25.5.15 

tI ~abstiaction product of 
ethylenediaminetetraacetatomanganate(ll) ion 13.10 

H-abstractioii product of nitrilotriacetatocobaltate(ll) ion 
,6.60 

H -:-abstraction product of nitrilotriacetatomangan:ate(ll)ion 
,13.9 

Hexaamminebis(f.l;.~ydroxY)-f.L-(trifluoroacetato)dicobolt(llI) 

ion 5. 1.29, 15. 9~2, 28.2.31 

Hexaamminecoba1t{Ill):ion. 5.1.17,6.1.5,6.6.8," 8.84.1, 
15.1~ 17,15.6.1, 15.Z1, ~ 15.8.1,15~9.1,15.10.2, 
17.3,1, 22.3.3,28.2.20 

Hexaammill~~ti-( difiuoroacetato )b~s(ll~hydfoxy )dicobalt(ll) 
ion 5. 1 ~30,15.9.3, 28.2.32 

Hex~ne':Jl~(fluoroacetato)bis(Jl-:hydroxy )dicobalt(Ill) 
ion~5.1.31,15.9.4,.28~2.33 

Hexaammineruthenium(I1I}ion5.1.50, 8.15.7, 8.16.3, 
8.17.2, 8.84.2,15.1.38,15~6.4,15.7.4i . 15.8A2; 
15.9;8,15.10~16, 15.11.2, 15. 13.2s 22.3:35, 28.2.56 

Hexaammineruthenium(III~ ion,. O~ f(:action product 22.68 
Hexaammineruthenium(ll}ion' 6. 6~·1.9,. 22.50.59 

Hexaaquachromium(n) ion . 15.41.2 

. Hexaaquadi-Jl-()xodiox~di~olyb~enum(V,VI) ion 14.6 

3,6,10~13,16,19~Hexaazabicyc1o[6.6.6]eicosanecopper(l) 
ion 8.12 -" .... . .... . 

Hexabroinoplatinate(m) ion 19.33 -

Hexachloroirida~e(ill) ioh, ~leCtron adduct 12. 1 

Hexachloroiridate(tv).ion ,'12.5, ·-.15~29.4 

Hexachlor(}platinate(llI) ion, '19.26 

Hexacyanoferrate(Ill)ion 3.1.3,6.98~ 1,8.84.3,9.13.2, 
- 9.34, -15.28.2, 22.24.2,25.1.6,25.2.6~ 28.6.4 

Hexacyanoferrate(ll) ion.. 9A9.B, '19.31. 1, 10.37.3, 10.45.3, 

19.46.4, 22.46.1, 22.50.53, 28.13.3,28.15.4 

Hexacyanoosmate(ll) l()ti 22.49.2 

Hexac;yanoruthenate(Ill) ion 22.46 

1,f,2,2'-;6,~/-HexamethyI-4,4' -bipyridinium radical cation 
22.50~76 

2,2,4,11,11,13-Hexamethyl~1,5,10,14-tetraaza
cyc1ooctadeca-4,13-di~n.e(hydrido )copper(lll) ion 
8.56 -

2~2.4.11.11.13-Hexamethyl-lS,l0;14-tetraa2a-
. cyc1ooctadeca-4,13-dienecopper(ll)H-adduct 8.56 

~-rac-(5,7,7,12,12~14-Hexamethyl-1,4,8;11-tetraaza
cyc1otetradecane)nickel(lll) ion 15.48 

5,7,7~12,12,14~Hexamethyl-l,4;8,11-tetraaza

cyclotetradeca-4,14-dienecobalt(l) ion. 6.7 

5,7,7,12, 12. 14-Hexamethy 1-L4.8.11-tetraaza
cyc1otetradeca-4, 14-dienecobalt(ll) ion 22.3.8 

5,7,7,12,14,14-Hexamethyl-l,4, 7 ,11-tetraaza~ 
cyc1otetradeca-4, 11-diene(hydroxo )nickel(ll) ion 
15.47 . 

5,7,7,12,14,14-Hexamethyl-l,4,8,II-tetraaza
~vc1otetradeca-4,11-dienehickel(l)i()n 15.10, 15.46.1 

-5~7,7 ,12,14~14~Hexamethyl-:l,4,8~11-tetraaia~ 
cyc1oteti"adeca-4,l.l-diene(hydridQ)cobalt(lll) ion 
6;80 

5,7,7, 12;~4~14:"Hexamethyl .. J;,4,8;lhtetraaza; 
cyc1otetradeca4,11-dirne4i.p.ydroxycobalt(IIl) iOI aas - . -. - . 

5,7,7 ;12, 14, 14~Hexamelnyl~ 1,4,8,11 ,..tetraaza
cyc1otettadeca"4.11":difm~~ickeid:r) 'i6ri. -6.100.7 

.. 5,7, 7, 12;j4,14-H~xam~t11yl-1 ;4,8}1-tetnlaza-
" cyc1otetradecanenickel(ll) ion ':6.' 100~6 

5,7,7,12; 14, 14-Hexamethyl'::lA,8,101-tetraaza~ 
cyc1otetradeQanecopp~r(n)'j()ri;-6.1-00.8 

5,7,7, 12,14, 14-Hexaniethyl~iA~8,11 :'tetraaza:'" 
cyc1otetradeca-:-4.. t I-diene¢Qbalt(IJ}i(}n ,6.5.2, 
6.100~2,,13.25.2- . . 

5,7,7,12,14~14':HexathethyI-l,4,8,11-tetliaza~ 
cyc1otetradecan~silv¢r(n)i()n: 7.4.1, .. 1.5 . .10.1, 

,15049.1,21·11.3 

5,7,7,12,14,14-Hexamethyl~1,4,~,J I-tetraaza
~yc1otetpldeca-4;il:;~i~ll~c:obrut(Irion_·:~.6 

5,7,7,12,14,14-HexamethYF1,4,8,11 .. tetraa~a
cyc1()tetradec~-4,rE~ienec::oppet(I) ion' 8.15 

5,7; 7;12, 14~14-Hexainethyl~ i,4~8;11~tetra~za:~ 
cyc1ote1f:adecane:,rti.~kel(I)i{)n .15.8' 

5,7,7:12, 14, 14-Hexamethyl-i,4,8,il-~ettaaza-
. cyclotetradecaneco~alt(ll)ion .6~50, 22~50.7 

5,7,7,12,14,14-Hexamethyl::l,4!8~H~tettaaza~ 
cyc1otetradeca-4,11-d~ene¢ckel(I1I):ion: '15.46 

5;7 ,7, 12,14,14;'Hexaniethyi;;,l,4~8,t14¢traaza~ 
cyc1otetradeca-r,4;8,illotetraenenickel(lll) ion 15.5Q 

5,7,7,12,14,14-HexaniethYF1,4~8,1'1-tettaaza-~ 
cyclotetradeca-4,11 :"dieIie(hydrido)copper(III). ion 
8.55 

5,7,7,12,14, 14:-Hexamethyl~ 1 A,8,Jl~tetraaza~, 
cyclotetradeca-1 ,4,8, 11.;.tetraenenic1cel (I) jon 15. 11 

5,7,7,12,14,14~Hex~eth)'i-l,4,8.,11-tetraaza-:
cyclot~tradeca:4,11~4ien~copper(lll)i()n' 8.52 

5,7,7,12,14,14,..Hex~~thyl,.1;4,8,11.-t~traaza.;. 
cYclotetradecanenickel(lll) ioo' .. ··15.44 

5,7,7, 12,14, 14-HexaIIlethYI,.1,4,8,IJ-tetraaza
cyclotetradeca .. 4,11-diene(~,2,2-tri~uoro-l
hyrlroxyethyl)cobalt(1H) ion-:it84 ' 

5,7,7, 12,14, 14-Hexamethjd-1,4,8;il-tetnlaza,.. 
cyClotetradecam!cbPper(l} IOn '8;.14 

. -5~7,7,12,14,14-Hexameth)'I~1,4,8';tl-tetraaza-_ 
cyc1otetradecane(hydrldo )copper(IlI) ion 8.54 

5,7~7,12,14,14~Hexamethyl~t,4,8,11-tetraaza-, .'. 
cyclotetradeca-4.11.;.dienenickelffilion, OH reaction 
product 15;26 .. 

5,7,7; 12, 14,14-Hexamethyl-1 ,4,8,11 ,.tetraaza
cyclotetradecanenickel(ll) ion, OHreaction product 
15.25 

5,7,7,12,14,14-Hexani.ethyl-1,4;8;11~tetraaza
cyclotetradecanedi(phosphato)nickeI(llI)ion 15.45 
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6;70 ,12,14,14"'l:lexamethyl~ lA,8,11-tetraa~~~ 
. cyclQt~tfadecanecopp~r(I1I);iQn 8;50 

Iv-d,l-5,7,7 ,12;14,14.,Hexamethyl~I,4,8,11-tetraaza
cyclotetradeca~4,11-dienecoba1t(TI) ion 6.5.2, 
6.100.2,13.25.2 .. 

rnes~.,5,7 ,7,1244,14~Hexamethyl-1,4;~, Il-tetraaza
:cyclotetnldecane(dishloro)mangan~se(IU) ionOH 
reac~?npl"()duct1~ .. 34 . 

prim~5~7 '7~12,14, 14~Hex~ethyl-l~4,8, 1 ~ -tetraaza., . 
. cyclotetradeca4, 11 :-diene(hydrido )cobalt(ill) ion 

6,81 
prim~N-rac~5,7, 7;12,,14',J4~Hexamethyl.;.1 ,4,8,11-tetraaza

:cyclotetradeca-4, 11-diene(hydrido )coba1t(ill) ion 
6.81 ". . .... 

.rac-5,7;7~12,14,14~Hex;amethyl-l,4,8,li~tetraaza.;. 
cyclotetradeca.:4,11.,dienecobalt(TI) .ion 6.5.2, 
6.100.2;13.25.2 

rac".:'j;7 ,7; 12~14,14~H~xamethyl-1 ,4,8, 11.,t6traaza
cycl()t~tradecane( dichloro)inahganese(IH) ion OH 
reactionproduct 13.35 

N-meso-5~7,7;12,14,1t1:::Hexametl}yl .. lA,g,11-tetraaza
cyclotetradeca4;l1-dienecoba1t(I) ion .. 6.5 

N.,rac~5,7·~7;J2,14,14~Hexamethyl.;;I,4~8;11~tetraaza
cyeloteti"adeca.;.4,1 I-diene(hydrido)cobalt(ID).· ion 

·6.80 

N-rac-5',7,7,12;14~14-Hexamethyl';1,4;8~11-tetraaza
cyclotetradeca:-4,11.;;dienecobalt(ll}ion .6.5.2, 
6.100.21,13.25.2. 

N-rac~5,7,7 ,12,14,14-lf~xamethyl:-l,4,8,11-tetraaza-
. cyclotetrad~ca-4,11-dienecoba1t(I}ion 6.8 

.4;7; 13, 16,21,24-Hexioxa~ 1,10-
(li~zabicyclo[8.8:.8]liexacosanecadmium(l) ion 5.5 

. " Hexyl ylologen .. radical cation· ." 28.14.10. 

Hydrazine15.31.1 

Hydridochromium(ill) ion .• 7.2"1 

.Hydrid{)~opper(TI). ion . 8;27 

(Hy:dri~~h?,12-di~th~nYI-3;8, 13,17 -tetramethylporphine-
2, 1 ~-d~l'>ropanoat()ferrate(ill), dfuydrogen· 9.20 

Hydrido~prim~N:rac~5.7.7 ,12.14,l4-hex~methYI-l ,4,8,11-
.' tetraaz3:cyc~ot¥tradeca-4, 11 ~dienecobalt(m) ion 6.81 

Hydrido.,1\Lrac.,5,7,7,lf,14,14-hexamethyl:l,4,8,11-
tetraazacyclotetradeca-:-4, I1-dienecobalt(ill) ion 6.80 

Hydrirloiron(ill) ion '. 9~16 
. Hydridoiron(ID)prot!Jporphyrin 9.20 

Hydrodioxy1 ~5.2J 15.44.1,15.46.2, 15.50.1, 25.4.7 

Hydr0genatom· 8.5~6,28.2~2 
Hydrogen dicyanoaurate(O) io~ 3.2 

HYclrogenferrate(V) ,ion .·9.51.2, 9.52 

Hydrogen ion 1.6.1,3.2~1j 3.4.2, 6.4.3,6.5.5,6.6.13, 6.7.2, 
. 6.10.2, 6.15.2J~.27.2;. 6.28.2, 6.29.2, 6.36.2, 6.37.2, 

6.38.2, 6.45.2, 6.46.2,6.47~2, 6~65.1, 7.25.1, 7.26.,1, 
7.27.1,7.29.1, 7.30;-1, 7.31.1, 7.32.1, ]:.33.1, 7.34.1, 
7.35: 1, 8.12. 1, 8. 15.4, 8.24.2, 8.25 .. 1, 8.26. 1, 8.28.~, 
8~53.1, 8.54~1, 8.55.1, 8.56.1, 9.16: 1, .12.2.1,13.3; 1, 
13.30.1, 13.32.1, 15.1.31, 15.8.8, 15.10j1, 15.26.2, 
19; 18.2, 19.36.3, 21.1.1, 21.2.1, 21: 12.1,-22.41.1, 
22.49.1,25.5.2,·26.1.1, 28.2.44 

Hydrogen peroxid~ 1.1;7,1~2.4,1.3.3, '1.5.3, 5.1.42, 5.7.4, 
6.1.16,6.19.'1;7.2.2,'8.5.7,.8.11.1;.8.18.1, 8.19.1, 
8.21.1, 8.22 .. 1, 8.45.2, 8.52.3,9.49.2, .11.2.3, 15.1.30, 

. 15. 19.2, 15.~ 1.2,. 15.22.2, .'15.23.2,. 15.24.2, 15.25.1, 
15.26.3,15.46.5,15.50.4,.25. 1.9,25.2.9,.25.4.8, 
28.2.43 

Hydrogen.phosphate ion·. 76.6.17 

Hydroperoxide,l,l-dimethyletnyl- 7.3.3 

Hydroperoxide,.iron(ill)cQUlplex 9.17 
Hydroperoxide-iron(ill)iron(TI) complex ·9; 15 

,Hydroperoxide-sulfatoiron(ill) complex ·9;18· 
Hydroperoxide-slJ lfatolT!ln(m)iTon(Il) complex 9.19 
Hydro~er·oxidomanganese(ill)fOrinatecomplex 13. 15 

. Hydroperoxidomangam!se(ll) sulfate complex 13;22 

Hydroperoxocopper(ID}ion 8.64 . 

Hydn>peroxyl 1.5.2, 15.44.1,15.46.2,15.50.1, 25.4.7 
Hydroquinone 22.50.64,.28.22.4 

Hydroquinone, tert~blltyl-'13.15~2,13:18.2 
Hydroquinone, trimethyl"-. 22.50.84 

Hydroquinone dimethyl ether 1.5.11, 25.4.20, 25.5.11 

HydroXide ion .8.83.2, 15.42.2, ·15.43.2~ 15.44.4, 15.46.7, 
15.57.1, 15.58.1,15.60.1,15.61.1,15.65.2, 17.10.1, 
19.18.3,19.36.2 . 

Hydroxocob(ll)ahunin. 6. 18.2 
Hydroxomercury(l) '10.4 

I-Hydroxybutyl 8.9.1 
( I-Hydroxybutyl)ethylemedimmnetetraacetatocuprateCll) 

ion' 8.41 

2-Hydroxycyclohexyl 8.39.1 
2-Hydroxy.;2,2-dimethylethyl 5~1.6, 6.6.26, 6.87.7, 9.1.7, 

10.10.7, 1.5.1.6, 19.37.6, 22:3.52,22.37.2 

2-Hydroxy-2-dimethylethylbismuth(IV) ioil' . 4.5 
2-Hydroxy-l,2-dimethylethylchrorriium(1ll) ion . 7.37 

2-Hydroxy-2,2-dimethylethylchromium(ITI) ion 7.32 
2-Hydroxy-2,2-dimethylethylcopper(TI) ion 8.32 

2-Hydroxy-2,2-dimethylethy Icopper(ID) ion 8.70 

2-Hydroxy-2,2-dimethylethylperoxyl 22.37~9 

(2-Hydroxy-2,2-dimethylethyl).,3,l0,17,24-
- . tetrasulfophthalocyaninecobaltate(III) ion 6.90 

2:-Hydroxy-2,2-dimethylethyl[5,10;15,20-tetrakis(l
methylpyridinium-4-yl)porphinatomanganate(ITI) ion 
13.32 . , 

2-Hydroxy-2,2-dimethylethyl[5,10,15,2D-tetrakis(4-
suifonatophenyl)porphinatomangaIiate(ITI) ion 13.30 
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2~Hydroxy""2,2""dimethylethyitetrakis( 4""sulfonatophenyl)-
. p()rphinato~anganate(III) ion ., 3~30 

Hydroxy-a.-2,12-dimethyl-3,7J 1,17-
tetraazabicyc10[113.1]heptadeca.;;1(17),13,15-
trienenicke1(Ill) ion' '15.57 

I-Hydroxyethyl ~.1A~6.103.1, 10.10~5j15.1.4, 22.3.53 

2-Hydroxyethyl .. 8.5.24 

17Hydroxyethylbismuth(IV}ion 4.3 
l~Hydroxyethylcadmium(ll}ion 5; 11 

. 1-' HydroxyethylchI'oniiuni(IlI) ion 7.28a 
. 2~Hydrox~ethylchi-offiiunI(III)jon.· .. ' 7~29 
2-Hydroxyethy Icopper(llI} ion 8.67 
(i-Hydroxyelhyl)-'7,i2,~dittheIlyI-~,8,13,J7" 

tetramethylporphine;.2,18-dipiopanoatoferrate(IlI), 
dihydrogen .9:22' 

(2-Hydro~ycthyl)--7;12-diet;h~ny1:~3;8, 13,17-
tetramethy lporphihe~ 2, 18~dipropanoatoferrate(m), 
dihydrogen ... ' 9.24' 

Hydroxy(ethylenediarrrlnetetraacetato)nickelate(lll) ion 
15.71 

1 ~Hydroxyethyl(5,7;7,12;14,14-hexamethyl-l ,4,8,11-
tetr~zacyc1otetradec~-4, 11-~iene)cobalt(IlI) ion 
6.83 .. 

I-Hydroxyethyliron(lll) protoporphyrin ~.~&. 

2-Hydroxyethyliron(IlI) protoporphyrin 9.24 
1-Hydroxyethylnickel(II) i()n .. 15.21 
(2-Hydroxyethy l)~3, 1 0,11 ,24':;tetrasulfophthalocyanine-

cobaltate(I1l) ion' 6~92 .. 
0" • •• 

Hydroxy-meso~5,7,7,12,14,14'-hexamethyl~1,4,8,11-tetraaza-
cyclotetradecane(dichloro)manganese(IV) ion 13.34 

Hydroxy-rac-5,7,7,12,14~14~hexamethyl;.1,4,8,II-tetraaza-

cyclotetradecane(dichloro )manganese(IV) ion 13.35 

Hydroxy(iminodiacetato)cobalt(IlI) ' .. 6~ 78 
5-HydroxyiridQle, conjugate ba~e 9.34.2 

5-Hydroxyindole 12.5.1 
5-Hydroxyindole"';3-acetate ion, conjugate base 9.34;3 
Hydroxy14.1.2,5~ 1.2, 6.1.22, 7.40~ 1, 10.8.3,10.10.3, 

11~2.~,··15.1.1i28.2.3 

Hydroxymanganese(lll) ion · 13.12, 28.2.46 
Hydroxymercury(ll) ion 10.1.2 

Hydroxymethyl 5'-1.3,6.102.2, 8.5.23, 10.10.4, 11.2.4, 
15.1.2,22;3.54 

Hydroxymethylbismuth(IV) ion 4.2 
Hydroxymethylchroriritim(ill) ion 7;27a 

(Hydroxymethyl)-7,12-diethenyl-3,8~13,17-
tetraim~thylporphine-2, 18-,dipropanoatoferrate(IlI), 
dihydrogen'9~21 

I-Hydroxy-l-methylethy15.1~5, 6.106.2, 10.10.6, 11.2.5, 
15.1.5,19:37.5, 22;3.55 

I-Hydroxy-l-methylethylbismuth(IV) ion 4.4 
I-Hydroxy-l-metbylethylcadmium(II) ion 5; 12 
l-Hydroxy-l-methylethylchroiniumCllI) i()n 7.29a 

2-Hydroxy-l-methylethylchromium(llI)ion 7.30 

(l-Hydroxy-l ;.inethylethYl)~7,f2';dietherrjT1~3,8,13,17- . 
. tetrainethy Iporphine;.2, 18:-dipropan.oatoferratp;(ln\ 

dihydrogenj'; 9.23': 

I-Hydroxy~l"methylethylir()n(I1I)protoporphyrin 9.2j 

2 .. HydroxY~I-methylethylifon(lll)protop0t'P~yrin 9.2S 
I-Hydroxy;.I-Dlethylethylhickel(U) ibn \ .. '15;22' 
(1~ Hydroxy-l-metliyk~thrl)ieiraki§(4:,sulfonatophenyl) 

·porphinatocob~ltate~)ion .... 6":8~ 
l.;Hydroxy-'l ~methylethyltetrakis(4':sulfonatophenyl)

•...... po.rpltinat~~()b~l~te<W)Jb~ -~~~8 .. 
(2~Hydroxy-l-mr~yiethyl)-3,lO,1? ;2,4~ _.' ,.' ....•. 

t~trasulfophthalocyanine¢oba1tate{IlI) iori 6.93·· 
Hydroxy~ethYlfel"licellilllIl:9.37 
HYdI-oxY1Uethyl(5,7;7~12,14~1~7h~~amethyl-1A,8, 11-

tetraazacyj;10tetradec~~~11~diene )cobalt(III) ion 
6.8r' . .' ' ., . 

HYc4"oxym~t?ylir(m(l11.)pr()toPofphyrin 9:21 

FIydr()X:YDletl1ylnickel(n)j~~. " t~~Jf) :" 
3-HydroxY~5~methYlp~~nQX¥C9Pper(1ll)iOn .. ' 8.79,8.79. 
2~Hydroxy~2;IIletbylpropYl:~.1.6,:6,.~.2fj,6.8t 1, 9;7.1, 

. .1 0~1 O. 7, }5~1.6,:1 f}.$1~6,:~?;$:52, . 22.37.2 
:. (2-Hydroxy-l"me~hylpr()pyl).,3,10;J7~24-

• tetrasulfophthalocyanin~c()baltate(1lI) ion 6.91 

Hydroxymethyltetrakis( 4~s111fol'latop~el1yi)-
. porpmnatocobaltate(IlJ)ion";' q.8? 

2~Hydr()xy~lA.;naphthoquinoI1e:· .. 5~·1.64 . 

Hydroxy(oxo)l~ad(IV) ion~1lt9 ..... <. ..' 
. 2-Hydroxyphenoxypopper(nI)'-ion·,;;8;7.6 

3-Hydr()xypnenox)'copper(IlI)::i(j~:> 8.77 
4~Hydroxyphenoxyc:;opper(Ill) lon;'conjugate base 
4-HYdroxyph~n()~ycopper(ll}i,on,ddrijtigate . base 8.40 

4-Hydroxypherioxyl, conjugate'base,' 28.22.2 . 

Hydroxysilver(II)ion1.fj 
Hydroxy-::-1,4,8,n:"tetraa.za-

cyclotetradecane( dichloro )1llanganese(IV) ion 1 ~ 

Hydroxy(tetrakiS(2~hydrox)'phenyl)porphinato)zinc(n), 
icalcation, . deprotonated" '28.16'" . 

Hydroxy(te~akis(3-hydroxypheij)'l)potphinato)zinc(n), 
ical' cation, deprotona,ted' ':28.17 

6-Hydroxy-2,5~ 7,8-tetra.metl1ylchrom:an~2-carhoxylate il 
13.17.2, 13.1804 .. ~ ..... " .'. 

Hydroxythallium(II) ion' 25.S 

lfydroxytriethylenetetraminecobaltCll)'ion B.33 

5:"Hydroxytryptaniine~ conjugate' baSe 9.34. 6 

5-Hydroxytryptophan,conjugat~ba.se·9.34.4 
Iminodiacetatocobalt(II) ·6~57.1, 6.59. 1 
Iminodiacetatocobalt(II), H~abstrilction product 6.59 

Iminodiacetatocobalt(II} OH-'adduct6. 78 
Iminodiacetatocobaltate(II) ion, superoxide· adduct 6.~ 

Iminodiacetatonickelate(II), H-abstraction product 15 

Indigomonostdfona~e ion 6.4.7 
Indium(II) ion 11.2 
Indium atoms 11.1 
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Indole,5-hydroxy- -12.5.1 

Indol-5-ol, 3-(2-aminoethyl)-, conjugate base 9.34.6 

Indol-5-ol, 3-carboxymethyl-, conjugate dibase 9.34.3 

5-Indolol 12.5.1 
Iodate ion 5.1.43, 5.7.3, 5.8.2, 5.9.2, 5.10.3, 6.1.17, 

15.1.32, 28.2.45 

Iodide ion 15.29.3, 15.46.6, 15.72.1 

Iodomercury(I) 10. 11 

Iodomethane 6.6.27, 6; 17.2, 8.15.11, 15.8.19, 15.10.24 

4-Iodophenoxyl 22.3.56 

Iridium(IV) tris(2,2' -bipyridine), ortho-metallated complex, 
conjugate monoacid 12.4 

Iron(2+), (hydroperoxy)- 9.17 
Iron(ID),5,lO,15,20-tetrakis(1-methylpyridinium-4-

yl)porphine, superoxidecomplex 9.41 

Iron(m) deuteroporphyrin dimethyl ester (2-propanolh, 1-
hydroxy-l-1l1ethylethy Ipel"oxyI adduct 9.45 

Iron(ll) deuteroporphyrin (2-propanolh, ·CHCI2 radical 
adduct 9.43 

Iron(m) deuteroporphyrin (2-propanolh, dichloromethyl 
radical adduct 9.43 

Iron(III) deuteroporphyrin (2-propanolh, methyl radical 
adduct 9.42 

Ironcm) deuteroporphyrin (2-propoxy)(2-propanol), ·CF3 
reaction product 9.44 

Iron(TII) ion 1.1.6, 1.2.2, 7.4.7, 8.5.4, 9.S.2, 25.4.6 

Ironcm) oxalate 9.5. 1 

Ironcm) tris(2,2'-bipyridine) 6.6.12, 15.8.7, 15.10.10 

Iron(ll) tris( 1,1 O-phenanthroline) 9.27 

IronCII) acetate 22.50.48 

Iron(II) deuteroporphyrin (2-propanolh 9.12, 9.42.1 
!ronCll) deuteroporphyrin (2-propanol)z-triftuoromethyl 

adduct 9.26 

Iron(II) ion 6.63.1, 6.100.4, 8.45.1, 9.27.1, 15.44.3, 
15.46.4, 15.50.3, 15.52.2, 16.1.1, 16.2.1, 16.3.1, 
16.4.1, 22.50.47, 22.53.1, 22.55.7, 25.4.4, 25.7.1, 
25.8.1, 25.9.1, 25.10.1, 28.13.2, 28.14.4 

Iron(II) ions 19.34.3, 28.19.1, 28.20.1 

Iron(ll) oxalate 9.5 

Iron(II) protoporphyrin I-hydroxy-l-methylethyl complex 
9.23 

Iron(ll) prot?porphyrin I-hydroxyethyl complex 9.22 

Iron(II) protoporphyrin 2-hydroxy-l-methylethyl complex 
9.25 

Iron(ll) protoporphyrin 2-hydroxyethyl complex 9.24 

Iron(ll) protoporphyrin hydroxymethyl complex 9.21 

Iron(II) pyrophosphate 9.49.4 

Iron(IJ) su)fate 22.47.1, 22.50.51, 22.51.2, 22.52. 1, 
22.54.2,22.57.4 

Iron(ll) <X,<X,<x,j3-tetrakiS(N
methylisonicoti~amidophenyl)porphyrin 9.11 

Iron(ll) 5,10,15 ,20-tetrakis( 1 ~methy lpyridinium-4-
yI)porphyrin 9.10 

Iron(ll) tris(1,10-phenanthroline) 22.50.52 

Iron(II) tris(I,10-phenanthroline-5,6-dione) 25.4.5, 25.5.1 

Iron(ll) tris( 1,1 0-phenanthroline-5,6-quinone) 25.4.5, 
25.5.1 

Tron(TV) (hydroxo)nndecatungstosilicate ion 9.50 

Iron(IV) pyrophosphate 9.49 

Isopropanol 6.75.1, 8.14.2, 25.4.45, 25.5.22 

Isopropyl alcohol 6.75.1, 8.14.2, 25.4.45, 25.5.22 

4-Isopropylphenoxyl 22.3.57 

Isopropyltetrakis( 4-sulfonatophenyl)-
porphinatocobaltate(m) ion 6.86 

Lawsone 5. 1.64 

Lead(l) 17.3 
Lead(TII) 17.7 

Leaden) ions 5. 1.49, 25. 1. 11, 25.2. 11, 28.2.54 

Lead(l) ions 17.2 
Lead atom -17. 1 

Maleic acid 8.5.25 

Manganate(VI) ion 13.36. 1 

Manganese(ID) 2-hydroxy-2,2-dimethylethyl-5,10,15,20-
tetrakis( 4-sulfonatophenyl)porphyrin 13.30 

Manganese(ll) ion 13. 11 
Manganese(ID) phosphate complex 13. 17 

Manganese(ID) pyrophosphate complex 13.19 

Manganese(ID) s,ulfate complex 13.20 

Manganese(II) formate-hydroperoxyl adduct 13.15 

Manganese(ll) formate-superoxide adduct 13. 14 

Manganese(II) ion 15.50.5, 25.4.9 

Manganese(ll) phosphate-superoxide adduct 13. 18 

Manganese(ll) pyrophosphate 9.49.3 
Manganese(IT) sulfate hydropcroxyI adduct 13.22 

Manganese(ll) sulfate-superoxide adduct 13.21 

Manganese(ll) 5,10, 15,20-tetrakis( 4-
carboxyphcnyI)porphyrin 13.8 

Manganese(ll) <x,<x,<x,~-tetrakis(N
methylisonicotinamidophenyl)porphyrin 13.7 

Manganese(ll) 5,10,15,20-tetrakis(1-methylpyridinium-4-
yl)porphyrin 13.4 

Manganese(II) 5,10, 15,20-tetrakis( l-methylpyridinium-4-
yl)porphyrin radical anion 13.2 

Manganese(II) 5,10, 15,20-tetrakis(2, 1-
phenyleneiminocarbonyl)tetrakis[l
methylpyridiniumato]porphyrin 13.7 

Manganese(ll) 5,10,15,20-tetrakis(4-pyridyl)porphyrin 
13.5 

Manganese(ll) 5,10, 15,20-tetrakis( 4-sulfonatophenyl)-
porphyrin 13.3 " 

Manganese(II) 5,10, 15 ,20-tetraki~( 4-sulfonatophenyl)
porphyrin radical anion 13. 1 

Manganese(II) tetrakis[ 4-( N,N,N-
trimethylamino )phenyl]porphyrin 13.6 

Manganese(V) 13.36 
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Menadione 5~ 1.65,6.1 ~29r6.6.28,6;67~2, 8.47.4~ 15.1.42, 
17.2.4,28.2.62 

M:enaquinone5; 1 ;65, 6.1.2f},: 6.6~28, 6.-67.2, 8.47.4, 
·15.1A2,"17~2.4, 28.2.62 

MercurousbrQmi4e 10.6 . 

Mercurous chloride •...... 10.8 

Mcrcurousccyanide. ·10.10 

Mercurous. iodide 1 O~ 11 
Mercurous. thiocyanate··' ·10. 12 

Mercury(I) 10.9 

Mercury(ll)dihydroxidec • 1 O~ 1.3 

Mercury(ll) ion 10. t 1 
Mercury(I)bromide 10.6 

Mercury(I). chloride 10.B 

Mercury(I) cyanide '10.10 

Mercury(l) dimer·ion10.2.2, 22.50.55,22.55.9;·22.57.6 
22;58.3,22.59.8, 22~60.3 

Mercury(I) hydroxide. .10.4 

Mercury(I) iodide 10.11 

Mercury(I) ion ... 1 O.~, ~2.50 .. !f4,! .2g~5.~;8,. 22.~7~?, -22.58.2, 
22.59."7,"22.60.2_ . 

Mercury(l) ion, complex withmercury(O) 10.!) 

Mercury(l)-thiocyanate .19.12 

Mercury .at9Pl.·1 O. 1. 
Methanol '8.45.3,25.4.35,25.5.17 
:rvJ:ethionine ~1.5.20, 25.4.36 

IyIethoxybenzene .1._5~?, 25.4 .. 13 

2,:,Methoxyben~oateioll 1.B.7 
3-Methoxybenzoate ion .1.6.8 
4 .. Methoxybenzoatejon .•. tB.9 

.2-Meth~xyben,zoicacid _1~5.21i25.4.37 

3-Methoxybenzoicacid1.5.22,. 25.4.~8 
4-Methoxybenz<>ic acid1.5~23,. 25. 4.,39 
m-Methoxybenzoic ~cid 1.5.22, 25.-4.38 
o-Methoxybenzoic-acid 1.5.21 ,25.4.37 
p-Methoxybenzoic acid 1.5.23,25.4.39 
4-Methoxy-N ,N-dimethylanilineradical cation 22.3.58 

3-Methoxyphenoxyl 22.3.59 

-4-Methoxyphenoxyl "·22;3.60 

(4~MethoxYPhenyl)methyicopper(rn:) ion 8.80 

(4-Methoxrphenylmethyl)-1,4,8,12-tetraaza
cyc1operitadecanechTomium(TII} ion 22.50.41 

.Methy16.101.2,:a.82.1,9.28.2, 13.28.2 

2-Methylalanine 1.5.5, 1.7.2 

Methyl'alcohol ,8.,45.3,25.4 .. 35,25.5.17 
(4-MethylbenzyI)-1,4,8,12 .. ·tetraaza,.. 

cycJqpentadecanechroIriium(ID)ion 22.50.39 

I-Methyl-4,4' -hipyridinyl.22;S:0. 77 
Methylcopper(ll) ion 8.65 
Methylcopper(1I) ion .8.28, 8.28;2 

I-Methylcytosine 25.5.18 

NrMethylcytosine 25.5.18 

1 O-(2-Methyl-~-dimethylaminoethyl).pltenothiazine; conN 
ga,tea.cid .. 25~4;fI4, 

Methyldis~lfide ..• •.. 1~5.~1l·1.?~6;.?5.4.27,_25~5A? 
Methylene Blue cation-25.5.-19 

3,4-M~thylene4i~xYPlten()x~~e i()D,: 9.34~~5 
(1-Methyl~thyl)"h4;8,12~tettaaza~ _ 

cyclopentad~caqe~J;u'gpll,~Ill@) ion. ~2.50.31 
1-Methylethyltetralcis( 4-sulfonaioppellyl)-

, -.', '. porphinatQCooaIiate(lH)4on",6;86. 
(1-MethYI-2-hYclrO~Y~thyl}-7ii2-I?i~JIi~~yl __ 3,8,13, 17~ 

.. :t~tl'~ethylll°1J)~ne-2,1~~diproPAA()atoferrate(lll)t 
.. dihydrogen~~?5' -:-. _ ........ - .... .... ' .. . 

Methyl iodide_ 6~6.27,_ 6;17.2,-~.<15.f11)'.1 ~.8.1~1 15.10.24" 

Meth!lirQP(IV).deut~r9PoWhYrin .. (2-J,>top~~1>'2 '_ ~f1A2 
2"Methyl~ 1 ,4 .. n~phtP()qUi901l~::p"'1!6P:;~d.?916.6~28,· 

6;67.2, .s;47;4,15.f42; '17.2~4,28.2~6~ 
8"Met1irl~8;riitr~-;i.,3,:6,fO~J3;~8;' '. •.. . ' .' 

liexaazatriqy~19[1:tl,.1;i13t,l~]{)ctade~'WeIJ.ickel(in). 
. ioni5.53 '., ". . 

8~Mc.thyl~8~Ilitr(),..1,fli,lQ.,1:3, l~~: 
. he~aazatricY'cl()[1,~.1·t·i13tl~JOc'tad~c~ehldkel(ll) 

ion;electr~I,l ;adqtict-'-.~}f.'14 .. ,' ..... '.... . .........•. '.. .. . .. 
·9-M~thyl~9~ititro~lA~7'-ii~~tetra~ca~Y~lotria~canenickel(lll') 

ion'15:36 . 

9~MethYI .. 9-nitro~ 1,4, 7 ,lr~tet!r~aiac\idhtticlecari~~ickel(ll) 
ion. electronaddllct:1,5;5 ' . 

1 O-M~thYlpheno~aZihe;-:-.J4.,4.J 
N-M~thylphenothiazine .. :14.4.1 
·1 O~¥ethYll'he1)othl~in .. *.;)'~~cetate ion . 2iL6~2 
3~Methylphenoxyl.,2~:3..61 '.-
4-Methylphenoxyl, 22.3~62. 

(4-~et~Ylphe~yl)Dlethylc()ppeJ:"(Ill) ion 8.81 
2~MethYl~2-propanol.1Z9.2 

2~Metliylpyrazine. ~.6.1 ........... . 
I-Methyl-! ' -(2-sulfonatQ)ethyl~4,~'~bipyridimllm radical 

_cation 28.14'-17,28.15.10 - - .. 

Methyl sulfoxide ,25,.4.28·· 

(Methyl)-1,4,8, 12~tetraaZacyclQPentad~canechromium(m: 
ion22~50~28 

-8-Methyl-l,3,13,16-tetraaz~~6;lO,:l9.~rothiab~cycl()lb.6.6]
. eicosanecqbaIt(ll> ion' 6.53~22.50.3-

1-Methyl·J '-tetradecyl-4,4' ~bipYridinitlrnradica1 cation 
22.50.78,28:1 4.16 . ' .. 

N .. Methy 1-5,10, 15 ,20~tet:rakis(4;;'sulfonato1?h.eilyl)
p()rphinat?nickelate(II)" radi~alanion .. 15.18 

N-Methyltetrakis( 4-sulfo~atQph~~yl)porphinatocobaltate( 
radicalanion 6:21 . 

(Methyl)~3,10,17t24-tetrasulfophthalocyaninecobaltate(TI 
_. ··ion 6:89 ' 

l.i.Methylthymine25.5.20 

Nr¥et~ylthYmine . 25.5;20 
1 ""Methyl-!' ~[3~(tMlethyhunJIlOnlo)prppy~J-4,4'-

. bipyridiniuril radicalcanoo'. 28. 14.18,28.1.5.11 
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Methyl viologen 7.3.1, 9.3.2, 9.4.2, 21.11.5,22.3.48, 
22.6.1, 22.7.1, 22.8.1, 22.9.1, 22.10.1, 22.11.1, 
22.12.2, 22.13.1, 22.14.1, 22.15.1, 2?16.1, 22.17.1, 
22. 18.4, 22. 19. 1, 22.20. 1, 22.21. 1, 22.22. 1, 22.23. 1, 
22.28.2, 23. 1. 1 

Methyl viologen radical cation 9.32.1, 12.4.1, 22.47.2, 
22.50.74,22.63.2,22.64.1,22.65.1,28.14.8, 28.15.9 

Metiazinic acid, conjugate base 25.6.2 

Molybdate(IV)(V), bis[ ethylenediaminotetraacetato ]di-J!
oxodioxodi- 14.2 

Molybdate(V)~ bis[ cysteinato ]di-J!-oxodioxodi- 28.2.48 

Molybdate(V), bis[ ethylenediaminotetraacetato ]di -J!-
oxodioxodi- 28.2.47 

18-Molybdodiphosphate ion(7-), conjugate acid 14.1 
Mono- and dihydroxysilver(II) 1.7 

Nadide28.23.1 

1,4-Naphthoquinone,2-hydroxy- 5.1.64 
1,4-Naphthoquinone,2-methyl- 5.1.65, 6.1.2..9, 6.6.28, 

6.67.2, 8.47.4, 15.1.42, 17.2.4, 28.2.62 

1,4-Naphthoquinone-2-sulfonate ion 5.1.67, 6.1.30 

Natural Orange 6 5. 1.64 
Nickel(I),5,7,7,12,14,14-hexamethyl-l,4,8,11-tetraaza-

cyclotetradeca-4,11-diene 15. 10, 15.46. 1 
Nickel(I),5,7,7,12,14,14-hexamethyl-l,4,8,11-tetraaza

cyclotetradeca-1,4,8,11-tetraene 15.11 
Nickel (I), 1,4,8,11-tetramethyl-l,4,8,11-tetraaza

cyclotetradecane 15.7 
Nickel(ll),5,7,7,12,14,14-hexamethyl-l,4,8,11-tetraaza

cyclotetradeca-4,11-diene 6. 100.7 

Nickel(ll), 5,7,7,12,14,14-hexamethyl-1,4,8,II-tetraaza
cyclotetradecane 6. 100.6 

Nickel(II), (IR,4R,8S,11S)-1,4,8,11-tetramethyl-l,4,8,11-
tetraazacyclotetradecane 22.3.28 

Nickel(ll), bis( octahydro-l,4, 7 -triazonine) 15.34 

Nickel(ll), bromo-a-2,12-dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.1]heptadeca-I(l7),2;6,11,13,15-hexaene 
15.69 

Nickel(ll), 11, 13-dimethyl-l,4, 7,1 O-tetraazacyclotrideca-
lO,13-uiene 15.37 

Nickel(ll) ion 15.29.5,25.1.8,25.2.8,28.2.52 

Nickel(II) pyrophosphate 9.49.6 
Nickel(I) ion 15. 1 
Nicotinamide adenine dinucleotide 5. 1.66 
Nicotinamide adenine dinucleotide, hydroxide, inner salt 

28.23.1 
Nicotinamide adenine dinucleotide, reduced 13.18.5 
Nicotinamide.:.adenine dinucleotide phosphate, reduced 

13. 18.6, 13.20.2 

Nitrate ion 5.1.46, 5.7.6, 5.8.4, 5.9.4, 5.10.5, 6.1.20, 
15.1.35, 28.2.50 

Nitrilotriacetatoargentate(ll) 1.12 

Nitrilotriacetatocadmium(I) ion 5. 10 

Nitrilotriacetatocobaltate(I) ion 6.3 

Nitrilotriacetatocobaltate(ll) ion, H-abstraction product 
6.60 

Nitrilotriacetatocuprate(ll) ion 8.46.2 

Ni trilotriacetatomanganate(ll) ion, H -abstraction product 
13.9 

Nitrilotriacetatonickelate(I) ion 15. 17 

Nitrilotriacetatonickelate(ll), H-abstraction product 15.29 
Nitrilotriacetatozinc(ll) H-abstraction product 28.10 

2,2',2" -Nitrilotriethanol 22.50.83, 22.59.9 

Nitrite ion 5.1.45, 5.7.5, 5.8.3, 5.9.3, 5.10.4, 8.41.1, 
15. 1.34, 22.3.27, 28.2.49 

Nitritocopper(II) ion 8.47.2 

Nitrito(triethylenetetramine)cobalt(ll) ion 6.34 
cis-Nitroamminebis(ethyleneciiamine)cobalt(m) ion 

5.1.16, 15.1.16, 28.2.19 

Nitrobenzene 1.1.12, 1.2.10, 1.3.9 

Nitrobenzeneradica.l anion 28_ 15_ 12 

Nitromethane 1.1.13, 1.2.11, 1.3.10 

N-Nitrosodimethylamine 25.4.42 
4-Nitroso-N ,N~dirne.thylaniline 5.1.68 

Nitrous oxide 3.1.4, 5.1.47, 5.6.1, 6.1.19, 6.5.9, 6.6.15, 
6.7.3, 6.17.1, 6.18.1, 8.15.5, 15.1.36, 15.8.10, 15.9.6, 
15.10.12, 19.6.1, 25.1.7, 25.2.7, 28.2.51, 28.3.1 

Octaammine-J!-amido-J!-peroxidodicobalt(ll) ion 6.111, 
22.50.15 

cis-Octaaqua-J!~oxo-bis( oxo )dimolybdenum(IV) ion 14.5 
1,3,6,8, 10, 13, 16, 19-0ctaazabicyclo[6.6.6]eicosanecobalt( ll) 

ien 6.54,22.50.4,22.55.3,22.57.1,22.59.3 

1,3,6,8,10,13,16,19-
Octaazabicyclo[6.6.6]eicosanecobalt(ll) ion 22.3.9, 
22.18.1, 22.19.2 

1,3,6,8,10,13,16,19-
Octaazabicyclo[6.6.6]eicosanerhodium(ll) ion 21.9 

Octacyanomolybdate(V) ion 14.4 

Octahydrogen tetrakis(Jl-diphosphito)diplatinate(l)(ll) ion 
19.16 

Octahydrogen tetrakis(J!-diphosphito )diplatinate(II)(ll) 
ion 19.47 

Osmium(ll) tris(2,2' -bipyridine) 16. 1 

Oxalate ion 22.50.79 

Oxalatohi!':(1.10-phenanthroline)chromium(ll) 7.22 
Oxalatobis( 1,1 O-phenanthroline )chromium(ll) ion 5. 1.36, 

28.2.38 

Oxalatocuprate(ll) ions 8.29.3 
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Oxygen 1.1.6, 1.2.5, 1.3.4, 2.1.1, 3.1.5, 5.1.48, 6.1.21, 
6.4.4, 6.6.16, 6.7.4, 6.33.1, 6.34.1, 6.35;1, 6.49.1, 
6.50.1, 6.67.1, 6.74.1, 6.95.3, 6.~8.2, 7.2.3, 7.4.10, 
7.6.7, 7.8.5, 7.11.5, 7.15.4, 7.16.6, 8.5.10, 8.15.6, 
8.18.2, 8.19.2, 8.20.1, 8.21.2, 8.22.2, 8.29.4, 8.43a.1, 
9.13.3, 10.2.3, 10.5.1, 10.6.2, 10.8.2, 10.10.2, 
10.11.2, 10.012.2, 12.3.2, 13.3.2, 13.4.2, 13.5.2, 
13.6.1, 13.7.1, 13.8.1~ 14.2.1, 14.3.1, 15.1.37, 15.6.3, 
15.7.3, 15.8.11, 15.9.7, 15.10.14, 15.27.2, 15.28.1, 
15.29.6, 15.52.3, 15.72.2, 17.2.2, 19.6.2, 19.37.4, 
21.8.2,21.11.4,22.3.30,22.18.2,,22.35.1,22.37.8, 
24.2.2,25',1.10,25.2.10, 27.1.1,28.2.53, 28.9.1, 
28.10.3, 28.11.3, 28.15.5 

Palladium(Ill) ion 18. 1. 1 

Palladium(l) ion 18.1 

Paraquat 7.3.1, 9.3.2, 9.4.2, 21.11.5, 22.3.48, 22.6.1, 
22.7.1, 22.8.1, 22.9.1, 22.10.1, 22.11.1, 22.12.2, 
22.13.1, 22.14.1, 22.15.1, 22.16.1, 22.17.1, 22.18.4, 
22.19.1,22.20.1, 22.21.-1, 22.22.1, ~2.23.1, 22.28.2, 
23.1.1 

Pentaammine(acetylenedicarboxylato)ruthenium(ID),OR
adduct 22.70 

Pentaammine[4-(aminocarbonyl)-1-(1~carboxyethyl)

pyridinio ]cobalt(ID) ion 6.70. 1, 6.71. 1 

Pentaammine[ 4-(aminocarbonyl)-1-(1-carboxyethyl)
pyridinio ]cobalt(ID) radical anion 6.70 

Pentaammine[ 4-(aminocarbony 1)-1-( l-carboxyethyl)
pyridinio ]cobalt(ID) radical, protonated 6.71 

Pentaammine[ 4-( aminocarbony 1 )-1-( l-carboxypropyl)
pyridinio ]cobalt(ID) radical anion 6.72 

Pelltaammllle[4-(amlnocarbonyl)-1-(1-carboxypropyl)
pyridinio ]cobalt(Ill) radical, protonated 6.73 

Pentaammine[ 4-( aminocarbonyl)-1-(3-carboxypropy 1)
pyridinio]cobalt(ID) ion 6.72.1, 6.73.1 

Pentaammine[4-(aminocarbonyl)-I-(carboxymethyl)
pyridinio]cobalt(ID) ion 6.68.1, 6.69.1 

Pentnnmmine[4·(aminocarbonyl)-1-(carboxymethyl)
pyridinio]cobalt(ID) radical anion 6.68 

Pentaammine[ 4-( aminocarbonyl)-l-( carboxymethy 1)
pyrirlinio]coha1t(m) radical, protonated 6.69 

Pentaammine(aqua)cobalt(ID) ion 5.1.23, 6.1.6, 15.1.22, 
17.3.2, 28.2.26 

PentaJ:ltnmlne(aqno)mthenlllm(TT) ion 22.43 

Pentaammine(azido)coba1t(ID) ion 5.1.25, 15.1.24, 28.2.28 

Pentaammine(bromo )cobalt(Ill) ion 5.1.18, 6.1.9, 15. 1. 18, 
17.:3-4, 28.2.21 

Pehtaammine(chloro)cobalt(ID) ion 5.1.19, 6.1.8, 15.1.19, 
17.3.3, 28.2.22 

Pentaammine(chloro)osmium(ID) ion 22.331 

Pentaammine( chI oro )rutheni um(ll) ion 22.42 

Pentaammine(chloro)ruthenium(ID) ion 22.43.1 
Pcntaamminc( chloro )ruthcnium(ID) ion, OH reaction pro 

duct 22.69 

Pentaamminecobalt(ll) ion 6.22 

Pentaammine( cyano )cobalt(ID) ion 5. 1.20, 15. 1.20, 
28.2.23 

Pentaammine(dinitrogt=m)ruthenium(I) ion 22.1 

Pentaammine( dinitrogen)ruthenium(ID) ion 22.45 

Pentaammine(fluoro)cobalt(ID) ion 5.1.21, 6.1.7, 15.1.21 
28.2.24 

Pentaammine(fumarato )cobalt(ill) ion 5. 1.22, 28.2.25 

Pentaammine(hydroxy)cobalt(lll) ion 5. 1.24, 15. 1.23, 
28.2.27 

Pentaammine(isonicotinamide )coba1t(ID) ion, OR adduct 
6.97, 6.97.1 

Pentaammine( I-methyl-4,4' -bipyridinium)cobalt(ID) ion 
6.66.1 

Pentaa~ne(1-methyl-4,4' -bipyridinium)coba1t(ill) ion! 
electron adduct 6.66, 6.66.2 

Pentaammine(nicotinaniide )cobalt(ID) ion~ OR adduct 6, 

Pentaammine( 4-nitrobenzoato )cobalt(ID) ion, electron 
adduct 6.67 

Pentaammine( 4-nitrobenzoato )coba1t(ill) ion, radical ani()1 
6.67 

Pentaammine(nitroso)ruthenium(ill) ion 6.6.20, 15.8.13, 
1q.10.17, 22.36.1 

Pentaamminenitrosylruthenium(TI) ion 22.37 

Pentaammine(1-L-prolyl-L-prolinato )coba1t(ID) ion 22.4. 

Pentaammine(pyrid~ne )cobalt(ID) ion, OR adduct 6.95, 
6;95.2· 

Pentaammine(thiocyanato-N)cobalt(ID) ion 5. 1.26, 
15 .. 1.25, 28.2.29 . 

Pentaaqua(benzyl)chromium(ID) ion 22.3.16, 22.50.26 

Pentaaqua(3-chloropyridine )chromium(lll) ion 22.3.20 

Pentaaqua(4-cyanobenzyl)chromium(ill) ion 22.50.24 

Pentaaqua(3-cyanopyridine )chromium(ID) ion 22.3.21 
Pentaaqua(dichloromethyl)chromium(llI) ion 22.3.15 

Pentaaqua( ethyl)chromium(ID) ion 22.50.21 

Pentaaqua(isopropyl)chromium(ID) ion 22.50.22 

Pentaaqua(methoxymethyl)chromium(ID) ion 22.3.14, 
22.50.23 

Pentaaqua(4-methylbenzyl)chromium(ill) ion 22.50.27 

Pentaaquamethylchromium(ID) ion 22.50.20 

Pentaaqua(4-methylpyridine)chromium(lll) ion 22.3.18 

Pentaaqlla(pyridine)chromium(ID) ion 22.3. 19 

Pentaaqua(pyridinio )chromium(ID) ion 22.3. 19 

Pentaaqua( 4-pyridiniomethyl)chromium(Ill) ion 22.S.17 
Pentnnqua[ 4-(trifluoromethyl)benzyJ]chromium(ID) lon 

22.50.25 

Pentaaqua(trifluoromethyl)chromium(ID) ion 22.3.13 
1,4,7,10, 13-Pentaazacyclohexadecanenickel(ID) ion 155 

Pentachloroplatinate(ill) ion 19.27 

Pentacyanocobaltate(ll) ion 6.43 

Pentacyanoferrale(II) iUIl 9.6 

Pentacyanonitrosylferrate(ll) ion . 9.7 

Pentakis(cyano-C)cobaltate(l) ion 6.2 
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,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine)hydridorhodium(ID) ion 21.12 

,,5 -Pentamethylcyclopentadienyl(2,2' -bipyridine )rhodium(I) 
ion 21.2 

,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine)(hydroxy)rhodium(II) ion 21.5 

,,5 -Pentamethylcyclopentadienyl(2,2'
bipyridine)(iodo)rhodium(ll) ion 21.6 

4,7,13, 16,21-Pentaoxa-l,10-diazabicyclo[8.8.5]
tricosaneeuropium(ID) ion 22.3.26, 22.29. 1 

4,7,13, 16,21-Pentaoxa-l,10-diazabicyclo[8.8.5]
tricosaneeuropium(Il) ion 22.50.46 

4,7, 13, 16,21-Pentaoxa-l, 10-diazabicyclo[8.8.5]
tricosanecadmium(I) ion 5.4· 

Perhydroxyl 1.5.2, 15.44.1, 15.46.2, 15.50.1, 25.4.7 

.Permanganate ion 1.2.3, 5.1.44, 6.1.18, 7.2.1, 8.5.5, 
15.1.33 

Peroxido( ethy lenediaminediacetato )mangana!e(ill) ion 
13.27 

Peroxidomanganese(ID) formate 13. 14 
Peroxidomanganese(ill) ion 13. 13 

Peroxidomanganese(ID)-manganese(ll) formate complex 
13.16 

Peroxidomanganese(ill)-manganese(ll) sulfate complex 
13.23 

Peroxidomanganese(ID) phosphate complex 13. 18 

Peroxidomanganese(ill) sulfate complex 13.21 

Pero'.Codisulfate ion 5.1.53, 6.1.23, 15.1.39, 28.2.57 

Phenalen-l-one,6-amino- 1.5.6, 25.4.12 

1,1 O-Phenanthrolinebis( oxalato )chromate(ll) ion 7.23 

1,10-Phenanthroline-5,6-dione 25.5.21 

1,10-Phenanthroline-5,6-quinone 25.5.21 

Phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl- 25.5.23 

Phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, conju-
gate mono acid 25.4.46 

Phenol, 2,6-dimethoxy-, ion(l-) 9.36.2 

Phenol, 3,4-methylenedioxy-, conjugate base 9.34.5 

Phenothiazine, 2-chloro-IO-dimethylaminopropyl-, conju-
gate acid 25.4. 14, 25.5.6 

Phenothiazine, 10-methyl- 14.4.1 

Phenothiazine, 10-(2-methyl-2-dimethylaminoethyl)-, con
jugate acid 25.4.44 

Pheno~azine-2-acetate ion, 10-methyl- 25.6.2 

Phenothiazinium, 3-amino-7 -( dimethyl amino )-2-methyl-
25.5.25 

Phenothiazinium,3,7-bis(dimethylamino)- 25.5.19 

Phenothiazin-l0-yl, 3,7-diamino-, conjugate monoacid 
6.99.1, 13.11.1 

Phenoxide ion, 2,6-dimethoxy- 9.36.2 

Phenoxyl 22.3.63 

Phenoxyl,4-methoxy- 22.3.BO 

Phenoxyl, 2,4,6-trimethyl- 22.3.65 

p-Phenylenediamine, N,N,N' ,N' -tetramethyl- 9.34.7, 
9.35.1, 9.36.3, 9.37.1, 9.38.1 

Phenylmethylcopper(ID) ion 8.74 

(Phenylmethyl)-I,4,8,12-tetraaza-
cyclopentadecanechromium(ill) ion 22.50.35 

4-Phenylphenoxyl 22.3.64 

Phenyl 3-pyridyl ketone 6.6.23, 15.8.17, 15.10.21 

Phenyl selenide 25.4.30 

Phenyl sulfide 25.4.31 

Phenylthiourea 25.4.43 

I-Phenyl-2-thiourea 25.4.43 

Phthalocyanine, tetrasulfo-, cobalt(Il) 6.41, 22.50.12 

Phthalocyanine, trisulfo-, zinc(ll), radical anion 28.9 
Pivolate ion 1.5.31, 1.7.0 

Porphine, 5,10,15,20-Tetrakis[2-(3-
sulfonatopropyl)pyridyl]-, zinc(ll), radical cation 
28.1g 

Porphine, dihydroxy-5, 1 0, 15,20-tetrakis( 4-
sulfonatophenyl)-, cobalt(ll) 28.4.1, 28.5.1, 28.6.1 

Porphine, dihydroxytetrakis( I-methylpyridinium-4-yl)-, 
cobalt(ll) 28.4.3, 28.5.3, 28.6.3 

Porphine, 2-hydroxy-2,2-dimethy lethyl-5, 10,15,20-
tetrakis( 4-sulfonatophenyl)-, manganese(ID) 13.30 

Porphine, (l-hydroxy-l-methylethyl)-5,10,15,20-tetrakis(4-
sulfonatophenyl)-, cobalt(ID) 6.88 

Porphine, hydroxymethyl-5,10,15,20-tetrakis(4-
sulfonatophenyl)-, cobalt(ID) 6.87 

Porphine, (l-methylethyl)-5,10,15,20-tetrakis(4-
sulfonatophenyl)-, cobalt(ID) 6.86 

Porphine, 5,10, 15,20-tetra( 4-carboxyphenyl)-, 
manganese(ll} 13.8 

Porphine, 5,10,15 ,20-tetrakis(2,6-dichloro-3-
sulfonatophenyl)-, zinc(ll), radical cation 28.22 

Porphine, 5,10, 15,20-tetrakis(2-N-hexylpyridyl)-, zinc(ll), 
radical cation 28.20 

Porphine, (X,(X,(X,~-tetrakis(N
methylisonicotinamidophenyl)-, iron(ll) 9.11 

Porphine, (X;(X,(X,~-tetrakis(N
methylisonicotinamidophenyl)-, manganese(ll) ion 
13.7 

Porphine, 5, 10, 15,20-tetrakis(l-methylpyridinium-4-yl)-, 
iron(ll) ion 9.10 

Porphine,5,10,15,20-tetrakis(l-methylpyridinium-4-yl)-, 
manganese(ll) ion 13.4 

Porphine, tetrakis(1-methylpyridinium-4-yl)-, zinc(ll) 
1.5.4, 25.4.11 

Porphine, 5,10, 15,20-tetrakis( 4-pyridyl)-, manganese(ll) 
13.5 

Porphine, 5, 10, 15,20-tetrakis(4-sulfonatophenyl)-, 
manganese(ll) 13.3 

Porphine, 5,10,15 ,20-tetrakis( 4-sulfonatopheny 1)-, 
cobalt(ll) 28.14.3, 28.15.3 

Porphine, 5,10,15 ,20-tetrakis( 4-sulfonatopheny 1)-, zinc(II) 
5.1.54 
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Porphine, 5,10,15 ,20-tetrakis( 4-sulfonatophenyl )-, cobalt(I) 
6.17 

Porphine, 5,10,15 ,20-tetrakis( 4-sulfonatopheny 1 )-, silver(l) 
1.4 

Porphine, 5,10,15 ,20-tetrakis[ 4-(N,N,N-trimethy lammonio )
phenyl]-, manganese(II) 13.6 

Porphine, tetrakis[ 4-(N,N,N-trimethy lammonio )pheny 1]-, 
dihydroxycobalt(II) 28.4.2, 28.5.2, 28.6.2 

Porphine-2,7,12,17-tetrapropanoic acid, 3,8,13,18-
tetrakis( carboxymethyl)-, (chi oro )oxoantimony(V), 
radical anion 23.1 

Porphinetetrapropanoic acid, tetrakis(carboxymethyl)-, 
zinc(ll), radical cation 28.23 

(4,4',4",4'" -Porphine-5, 1 0, 15,20-tetrayl)tetrakis[1-(3-
snlfopropyl)pyridiniumato]zinc(II) radical cation 
28.18 

Product ofDTPA radical with Fe(III)DTPA 9.31 

Promethazine, conjugate acid 25.4.44 

Propanoic acid, 2-amino-2-methyl- 1.5.5, 1.7.2 

I-Propanol, 3,3' -thiodi- 25.4.49 

2-Propanol 6.75.1, 8.14.2, 25.4.45, 25.5.22 

2-Propanol radical 5.1.5, 6.106.2, 10.10.6, 11.2.5, 15.1.5, 
19.37.5, 22.3.55 

2-Propanone 25.1.16, 28.2.58 

Propenamide 8.5.21 

2-Propen-l-ol 6.1.25, 15.1.40, 28.2.59 

Propionate ion, 2,2-dimethyl- 1.5.31, 1.7.9 

Propyl, 2-amino-2-methyl-, conjugate acid 9.7.4, 22.37.5 

Propyl, 2-carboxY-2-hYdroxy-, anion 9.7.5, 22.37.6 

1,1' -Propylene-2,2' -bipyridinium radical cation 22.50.82 

(Propyl)-l ,4,8, 12-tetraazacyclopentadecanechromium(III) 
ion 22.50.30 

Propyl viologen radical cation 28.14.9 

Pyrazine,2-methyl- 9.6.1 

Pyridine,3-benzoyl- 6.6.23, 15.8.17, 15.10.21 

Pyridinyl, 3-(aminocarbonyl)-1, ?-dihydro-l-
(phenylmethyl)- 28.23.2 

4-Pyrimidinecarboxylate ion 15.1.43 

1l-4-Pyrimidinecarboxylatobis-
[hydroxotris( ammine )cobalt(lII)] ion 15. 1.28 

1l-5-Pyrimidinecarboxylatobis-
[hydroxotris(ammine)cobalt(lII)] ion 15.1.27 

2,4-Pyrimidinedione, 1,5-dimethyl- 25.5.20 

2-Pyrimidinone,4-amino-l-methyl- 25.5.18 

Pyrocatechol 13.15.3, 13.18.3 

Quinone 1.2.7, 5.1.60, 6.1.28, 7.2.5, 8.15.10, 10.6.3, 
10.7.1, 10.8.4, 10.9.1, 10.10.8, 10.11.3, 10.12.3, 
10.13.1, 15.1.41, 15.8.16, 15.10.20, 17.2.3, 22.3.41, 
22.35.3, 25.1.17, 28.2.61 

Resorcinol 13.15.4, 13.18.7 

Resorcinol dimethyl ether 1.5.10, 25.4.19 

Rhenate(VI) ion 20. 1 

Rhodium, chlorotris[3-( diphenylphosphino)-
benzenesulfonate J 21. 1 

Rhodium(II) bis(2,2' -bipyridine) 21.10, 21. 11.2 

Rhodium(II) tris(2,2'-bipyridine) 8.17.3,21.11,22.50.:,' 

Rhodium(I) chlorotris[3-( dipheny lphosphino)-
benzenesulfonate] 22.3.33 

Riboflavine 5.1.69, 6.1.31, 6.4.8 

Ruthenium(ll), 2-(aminomethyl)pyridinebis(2,2'
bipyridine) 22.48 

Ruthenium(ll), tris([2,2' -bipyridinJ-4-
yltriethylphosphonium)- 6.39.3, 22.54 

Ruthenium(ll), tris( 5-bromo-l, 1 O-phenanthroline) 8.5 Ii 

22.56 

Ruthenium(III), tris( 5-chloro-l, 1 O-phenanthroline) 6.5:), 
6.54.3, 8.5.15, 10.3.4, 22.57 

Ruthenium(ll), tris( 4,7 -dimethyl-I, 1 O-phenanthroline) 
6.39.5, 6.52.3, 6.54.4, 8.5.17, 10.3.6, 22.59 

Ruthenium(III), tris(5,6-dimethyl-l,1 O-phenanthroline) 
8.5.18, 10.3.5, 22.58 

Ruthenium(ll), tris[2-( 1 ,2,4-thiadiazol-5-y l)pyridine] 
22.67 . 

Ruthenium(III) dicyanobis(2,2'-bipyridine) 22.2.1, 22.4'

Ruthenium(ll) tris(2,2'-bipyridine) 1.2.6, 5.1.52, 6.19.:', 
6.39.2, 6.40.1, 6.41.2, 6.48.1, 6.53.1, 6.54.1, 6.55.1. 
6.110.1, 6.111.1, 6.112.1, 6.113.1, 6.114.1, 7.4.12, 
8.5.11, $.6.1, 8.'7.1, 8.8.1, 10.3.2, 22.3.36, 22.50, 
25.10.2 

Ruthenium(ll) tris(I,10-phenanthroline) 6.39.4, 6.51.1, 
6.52.1, 6.54.2, 8.5.13, 10.3.3, 22.55 

Ruthenium(II) tris(2,2'-bipyridine) 5.1.51, 6.1.24, 
22.55.10,25.1.12, 25.2.12, 28.2.55 

Safranine T, conjugate acid 25.4.46 

Safranine cation 25.5.23 

Safranine cation, conjugate mono acid 25.4.46 

SamariumJIII) ion 22.3.38 
Samariurn(II) ion 25.1.13, 25.2.13 

Semithionine, conjugate mono acid 6.99.1, 13.11.1 

Serotonin, conjugate base .9.34.6 

Sesamol, conjugate base 9.34.5 

Silver(II) hydroxide 1.8 

Silver(ll) ion 1.5, 7.39. 1 
Silver(II)-succinate complex 1.14 

Silver(l) ion 1.1.2, 17.1.2, 25.1.1, 25.2.2 

Silver(l) ion, complex with Ag(O) 1.2, 22.50.1 

Sil ver(I) 5,10,15 ,20-tetrakis( 4-sulfonatophenyl)porphyrin 
1.4 

Silver atom 1. 1 

Sulfacetamide 25.4.47 

Sulfanilamide, N' -acetyl- 25.4.47 

Sulfate(1-), tetraoxo- 8.5.2 

Sulfate(l-), trioxo- 22.3.37 

Sulfate ion 15.44.5 

Sulfate radical ion 8.5.2 
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Sulfatoiron(ID) ion 7.4.9, 7.6.6, 7.16.5, 7. 17.3, 9.33, 
21.4.2 

1,1' -Sulfinylbisethane 25.4. 16 

Sulfinylbismethane 25.4.28 

1,1' -Sulfinylbispropane 25.4.33 

Sulfite ion 22.50.62 

Sulfite radical ion 22.3.37 
O-Sulfito( tetraethy lcncpcntamine )cobalt(ID) ion 6. 109 

Sulfophthalocyaninatoaluminate(llI) radical anion 2. 1 

Sulfur dioxide 7.4.13, 7.8.6, 7.11.7, 7.15.5, 7.17.4, 11.3.1, 
28.5.4 

Superoxide ion 15.44.2, 15.46.3, 15.50.2, 22.50.57, 
28.15.2 

Supel-oxide radical anion 15.44.2, 15.46.3, 15.50.2, 

22.50.57, 28. 15.2 

Superoxido( ethylenediaminetetraacetato )cobaltate(ID) ion 
6.79 

Superoxido( ~thy lenediaminetetraacetato )cobaltate(II) ion 
. 6.58 

Superoxido(iminodiacetato )cobaltate(lll) ion 6.57 

Superoxo( 1 ,4,8, II-tetraazacyclotetradecanecobaltCill) ion 
6.63 

Terephthalonitrile 25.2. 14 

Tetraacetatocuprate(I) ion 8.8, 22.50.45 

Tetraammine( aqua)hydroxyplatinum(ID) ion 19. 18 

trans-Tetraammine( aqua)nitrosylruthenium(ll) ion, electron 
adduct 22.36 

Tetraamminebis(aqua)platinum(ID) ion 19 .. 20 

Tetraamminebis(hydroxy)platinum(ill) ion ·19. 19 

Tetraamminecobalt(II) ion 6.23 

Tetraamminediaquacobalt(ill) ion 6.1.10, 17.3.5 

Tetraamminedibromorhodium(ill) ion 21.8.3 

Tetraammine(difluoro)platinum(lV) ion 7.4.11, 7.6.8, 
7.11.6 

Tetraamminehydridoplatinum(irr). ion 19. 17 

Tetraammine(hydrido)rhodium(ill) ion 21.13.1 

Tetraammineplatinum(II), CI2~- reaction product 19.21 

Tetraamminerhodium(II) ion 21.8,21.8.4 

Tetraamminesilver(II) ion 1.9 

Tetraammine(superoxido)rhodium(ill) ion 21.13 

Tetraaqua(2,2' -bipyridine)chromium(ill) ion 22.3.23 

Tetraaquabis(pyridine )chromium(ID) ion 22.3.22 

1,4,8,12-Tetraazacyclopentadecanecobalt(II) ion 22.50.9 

1,4,8,12-Tetraazacyc1opentadecanenickel(ill) ion 15.51 

1,4,8,11-Tetraazacyclotetradecanecobalt(II) ion 6.49, 
22.50.5 

1,4,8,11-Tetraazacyclotetradecanecobalt(II) ion, dioxygen 
adduct 6.63 

1,4,8,II-Tetraazacyclotetradecanecobalt(ill) ion 7.4.5, 
7.6.4, 7.8.3, 7.11.3, 7.15.2, 7.16.4, 7.17.1 

1,4,8,11-Tetraazacyc1otetradecanecopper(I) ion 8. 13 

1,4,8,11-Tetraazacyclotetradecanecopper(II) H-adduct 8.53 

1,4,8,11-Tetraazacyclotetradecane( dichloro )manganese(III) 
ion OH reaction product 13.33 

1,4,8,11-Tetraazacyc1otetradecane(hydrido )copper(ill) ion 
8.53 

1,4,8,11-Tetraazacyclotetradecanenickel(I) ion 15.6 

1,4,8,11-Tetraazacyc1otetradecanenickel(ill) ion 15.42 

1,4,7,10-Tetraazacyclotridecanenickel(I) ion 15.4 

1,4,7,10-Tetraazacyc1otridecanenickel(Ill) ion 15.35 

2',4',5',7' -Tetrabromofluorescein dianion 15.10.22 

Tetrabromo(hydroxy)platinate(ill) ion 19.32 

Tetrabromoplatinate(I) ion 19.4 

Tetrachloroferrate(II) ion 22.50.49 

TetrachlorohydroxyplatinateCID) 19.30 

Tetrachloromethane 1.1.9, 1.2.9, 1.3.6 

Tetrachloroplatinate(II), CI2o--reaction product 19.25 

Tetrachloroplatiriate(I) ion 19.5 

Tetrachlorothallate(ll) ion 25. 10 

Tetracyano(2,2' -bipyridine )ferrate(ID) ion 9.3. 1, 9.32 

Tetracyanocobaltate(II) ion 6.44 
Tetracyano( 4,4' -dimethyl-2,2' -bipyridine )ferrate(II) ion, 

electron adduct 9.4 

Tetracyanonickelate(II) ion 22.3.29 

Tetracyanonickelate(I) ion 15.2 

Tetracyanoplatinate(I) ion 19.6 

Tetraethyldiethylene·trian:u.necobalt(II) ion 6.35 
Tetraformatocuprate(I) ion 8.7, 22.50.44 

6,7,8,9-Tetrahydrodipyrido[1 ,2-a:2',l' -c] [1 ,4 ]diazocine, rad
ical cation 22.50.80 

Tetrahydroxyplumbate(ID) ion 17.9 

5,10,15 ,?O-Tetrakis( 4-benzoato )porphinatomanganate(ll) 
ion 13.8 

Tetrakis(2,2' -bipyridine )-f.l-amido-f.l-peroxidodicobalt(ID) 
ion 6. 113, 22.50. 17 

3,8,13,18-Tetrakis(carboxymethyl)porphine-2,7 ,12,17-
tetrapropanoato( chi oro )oxoantimony(V), radical 
anion 23.1 

Tetrakis( carboxymethyl)porphinetetrapropionatozinc(ll), 
radical cation 28.23 

5,10, 15,20-Tetrakis(4-carboxyphenyl)
porphinatomanganate(IJ) ion 13.8 

5,10,15,20-Tetrakis(2,6-dichloro-3-sulfonatophenyl)
porphinatozincate(II) radical cation 28.22 

Tetrakis [~-( 1 ,3-diisocyanopropane) ]dirhodium(I)(Il) ion 
21.4 

Tetrakis( ethy lenediamine )-~-amido-Il-peroxidodicobalt(ill) 
ion 6.112, 22.50.16 

Tetrakis( ethylenediamine )-~-amido-Il
superoxidodicobalt(ID) ion 5. 1.28 

5,10,15,20-Tetrakis(2-N-hexylpyridyl)porphinatozinc(IJ) 
radical cation 28.20 

a,a,a,~-Tetrakis(N-methylisonicotinamidophenyl)
porphinatoiron(II) ion 9. 11 



1320 BUXTON, MULAZZANI, AND ROSS 

a,a,a,~-Tetrakis [2-(N-methy lisonicotinamido )pheny 1]
porphinatomanganese(II) ion 13.7 

5,10,15,20-Tetrakis( I-methy lpyridinium-3-
yl)porphinatozinc(II) ion, radical cation 28.13 

5,10,15,20-Tetrakis(1-methylpyridinium-3-
yl)porphinatozinc(II) H-adduct 28.12 

5, 10, 15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatozinc(II) ion 1.5.4, 25.4.11 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatoiron(II) ion 9.10 

5, 10, 15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatomanganese(II) ion 13.4 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatozinc(II) ion, radical cation 6.48.2, 
28.14 

5, 10, 15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinezinc(II) radical anion 28.5 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatocopper(II), radical anion 8.24 

5,10,15,20-Tetrakis( 1-methylpyridinium-4-
yl)porphinatotin(IV) radical anion 24.S 

5,10,15,20-Tetrakis( I-methylpyridinium-4-
y 1 )porphineiron(ill)-superoxide complex 9.41 

5, 10, 15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinatomanganese(II) radical anion 13.2 

Tetrakis( I-methy lpyridinium-3-y I )porphinatolead(II) radical 
cation 17.5 

Tetrakis(l-methylpyridinium-4-yl)porphinatolead(II) radical 
cation 17.4 

Tetrakis-N -methy 1-2,3-pyri dinoporphyrazinezinc(II) radical 
anion 28.8 

5,10,15,10-Tetrakis(l
methylpyridyl)porphinato(thiocyanato)cobalt(ll) ion 
6.64 

Tetrakis( 4-N -methy lpyridy 1 )porphineindium(III) radical 
anion 11.3 

Tetrakis( 1,1 O-phenanthroline )-J,l-amido-J,l
peroxidodicobalt(III) ion 6.114,22.50.18 

5, 10, 15,20-Tetrakis(4-pyridyl)porphinatomanganese(II) 
13.5 

5, 10, 15,20-Tetrakis(4-pyridyl)porphinatomanganese(ill) 
radical 13.5 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatoargentate(I) ion 1.4 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatocadmate(II) radical anion 5.13 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatocobaltate(II) ion 28. 14.3, 28. 15.3 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatocobaltate(I) ion 6. 17 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)
porphinatocobaltate(III), radical cation 6. 115 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)
porphinatocuprate(II), radical anion 8.25 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1 )porphinatoferr; \ 
radical cation 9.47 

5,10,15,20-Tetrakis( 4-sulfonatopheny l)porphinatoinda I r 
radical cation 11.4 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatomanganate(ll) ion 13.3 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)
porphinatomanganate(II) radical anion 13. 1 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)
porphinatopalladate(ll) radical anion 18.3 

5,10,15,20-Tetrakis( 4-sulfonatopheny 1)
porphinatoplumbate(ll) radical cation 17.6 

5,10,15,20-Tetrakis( 4-sulfonatopheny I )porphinatozinc a I ['. 

ion 5.1.54 
5,1 U, 15,20-Tetrakis( 4-sulfonatopheny 1)

porphinatozincate(II), radical anion 28.6 

5,10,15,20-Tetrakis( 4-sulfonatopheny I )porphinatozinca I r i ! 
radical cation 28. 15 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphinatozinca I ('I! 
ion, triplet state 5. 1.55 

5,10, 15,20-Tetraki~[ 1-(3-~ulfumltupIoPY l)pyridilliurn-4-

yl]porphinatozinc(ll) radical anion 28.7 

5,10,15,20-Tetrakis[ 1-(3-sulfonatopropyl)pyridinium-4-
yl]porphinatozinc(ll) radical cation 28.18 

5,10,15,20-Tetrakis[ 1-(3-sulfonatopropy l)pyridinium-2-
yl]porphinatozihc(ll) radical cation 28.19 

5, 10, 15,20-Tetrnkis[4-(N,N,N-trimethylammonio)
phenyl]porphinatomanganese(II) ion 13.6 

Tetrakis-4-(N,N ,N-trimethylammonio)
phenylporphinezinc(II), radical cation 28.21 

Tetrakis-4-(N,N ,N-trimethylammonio)
phenylporphinezinc(ll), radical anion 28.4 

Tetrakis-4-(N N N-trimethylammonio)
phenylporphinecopper(II), radical anion 8.26 

1,2,4,5-Tetramethoxybenzene 25.4.48 

Tetramethyl-l,4-benzoquinone 5.1.62, 5.2.4, 5.3.5, 5.4 . .1. 

5.5.2, 22.3.49 

2,3,5,6-Tetramethylbenzoquinone 5.1.62, 5.2.4, 5.3.5, 
5.4.3,5.5.2,22.3.49 

1, I' ,2,2' -Tetramethy 1-4,4' -bipyridinium radical cation 
22.50.81 

1.1' -Tetramethy lene-2.2' -bipyridinium radical cation 
22.50.80 

N,N,N' ,N'-Tetramethyl-p-phenylenediamine 9.34.7, 9.35. I 

9.36.3, 9.37.1, 9.38.1 

(lR,4R,8S,IIS)-1,4,8,II-Tetramethyl-l,4,8,II-tetraaza
cyclotetradecanenickel(II) ion 22.3.28 

1,4,8,11-Tetramethyl-l,4,8,II-tetraaza
cyclotetradecanenickel(II) ion 22.3.28 

1,4,8,11-Tetramethyl-l,4,8,11-tetraaza
cyclotetradecanenickel(I) ion 15.7 

2,3,9,10-Tetramethyl-I ,4,8, Il-tetraazacyclotetradeca-
1,3,8,10-tetraenecobalt(I) ion 6.4 

2,3,9,10-Tetramethyl-l,4,8,II-tetraazacyclotetradeca-
1,3,8,10-tetraenecobalt(III) ion 15.70.6 
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2,3,9,10-Tetramethy l-1 ,4,8, II-tetraazacyclotetradeca-
1,3,8,10-tetraenenickel(ll) ion 6.100.8 

2,3,9,10-Tetramethyl-l ,4,8,II-tetraazacyclotetradeca-
1,3,8,10-tetraenecobalt(ll) ion 6.55, 6.100.1, 13.25.1, 
22.50.8 

2,3,9,10-Tetramethyl-l,4,8,II-tetraazacyclotetradeca-
1,3,8,10-tetraenecopper(I) ion 8.16 

2,3,9,10-Tetramethyl-l,4,8, II-tetraaza
cyclotetradecanecobalt(II) ion 22.50.6, 22.55.2, 
22.59.2 

2,3,9,10-Tetramethyl-l,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tetraenecobalt(ll) ion, superoxide adduct 
6.56, 6.56. 1 

Tetranitromethane 7.2.6, 7.4.15, 8.5.26, 10.6.4, 10.8.5, 
10.10.9, 10.11.4, 10.12.4, 15.1.44, 25.6.3 

1,4,10,13-Tetraoxa-7, 16-diazacycloctadecanecadmium(I) 
ion 5.3 

Tetraquat radical cation. 22.50.80 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(I) ion 6.19, 
22.50.13 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(I) ion dimer 
6.20 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(ll) ion 6.41, 
22.50.12 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(II) ion, 
superoxide adduct 6.62 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(II) radical 
cation 7.4.6 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(ill) radical 
anion (reduced ligand) 8.74 

3,10,17,24-Tetrasulfophthalocyaninecobaltate(ill) radical 
anion (oxidized ligand) ·6.75 

3,10,17,24-Tetrasulfophthalocyanine( superoxo )coba1t(II) 
6.62 

1,4,8,II-Tetrazacyclotetradecanecadmium(I) ion 5.6 
1,4,8,11-Tetrazacyclotetradecanezinc(I) ion 28.3 

Thallium(O), complex with thallium(I) ion, dimer 25.3 

Thallium(O) 25. 1 
Thallium(Il) chloride 25.8 

Thallium(II) ion 22.50.63, 25.4, 25.4.10 

Thallium(II) ions 25. 11 
Tha11ium(I) ion 25. 1. 14 

Thallium(I) ion, complex with TI(O) 25.2 

Thallium hydroxide 25.6 
Thiocyanate ion 15.63.2, 15.67.1 

Thiocyanatomercury(I) 10. 12 

Thiocyanatomercury(I)peroxyl 10.13 

3,3'-Thiodipropanol 25.4.49 

3,3'-Thiodipropionic acid 25.4.50 

Thionine semiquinone, conjugate mono acid 6.99.1, 13.11.1 
Thymidylyl-(3'-75')-2'-deoxyguanosine 25.5.24 

Thymine, I-methyl- 25.5.20 

Tin(m) 24.1 

Toluidine Blue cation 25.5.25 

Triammineaquaplatinum(I) ion 19.1 

Triammine(hydroxy)silver(ll) ion 1.11 

Trichloromethyl 9.12.1 

Trichloromethylcopper(IlI) ion 8.66 

Trichlorothallate(ll) ion 25.9 

Triethanolamine 22.50.83, 22.59.9 

Triethylenetetraminecobalt(II) ion 6.32 

(Il-Trifluoroacetato )bis(J.1-hydroxo )bis[ triamminecobalt(III)] 
ion 5.1.29, 15.9.2, 28.2.31 

Trifluoromethyliron(ill) deuteroporphyrin (2-propoxy) (2-
propanol) 9.26 

(4-Trifluoromethyl)phenylmethyl-l,4,8,12-tetraaza-
cyclopentadecanechromium(ill) ion 22.50.40 

Trihydroxycopper(IlI) 8.47 

1,2,3-Trimethoxybenzene 1.5.24, 25.4.53 
1,2,4-Trimethoxybenzene 1.5.25, 25.4.54 

1,3,5-Trimethoxybenzene ·1.5.26, 25.4.55 

2,3,4-Trimethoxybenzoate ion 1.6. 10 

2,4,5-Trimethoxybenzoate ion 1.6.12 
2,4,6-Trimethoxybenzoate ion 1.6.13 

3,4,5-Trimethoxybenzoate ion 1.6.11 

2,3,4-Trimethoxybenzoic acid 1.5.27,25.4.56 
2,4,5-Trimethoxybenzoic acid 1.5.29, 25.4.58 

2,4,6-Trimethoxybenzoic aCid 1.5.30, 25.4.59 

3,4,5-Trimethoxybenzoic acid 1.5.28, 25.4.57 

Trimethylacetate ion 1.5.31, 1.7.9 

1.1'-Trimethylene-2.2'-bipyridinium radical cation 
22.50.82 

Trimethylhydroquinone 22.50.84 

2.4.6-Trimethylphenoxyl 22.3.65 
Trinitrotrisamminecobalt(ID) 6.1.12, 17.3.6 

1,4, 10-Trioxa-7 , 13-diazacyclopentadecanecadmium(I) ion 
5.2 

Trioxalatocobaltate(IlI) ion 6.1.11, 17.3.8 

Triphosphatoferrate(ll) ion 22.50.50 

Triquat radical cation 22.50.B2 

Tris( acetylacetonato )chromate(ll) ion 7.24 

Tris(acetylacetonato)cobaltate(ll) ion 6.36 
Tris( acctylacctonato )ruthcnate(II) ion 22.41 

Tris(ammine)cobalt(II) ion 6.24 

Tris(2,2' -bipyrazine )ruthenium(II) ion, OH~adduct 22.25 
ltis(2,2' -bipyrazine)ruthenium(II) ion, electron adduct 

22.18 

Tris(2,2' -bipyrazine )ruthenium(ll) ion, electron adduct, pro
tonated 22. 19 

Tris(2,2' -bipyridine )chromium(m) ion 5. 1.33, 6.4.2, 
6.6.11, 7.5.1, 8.15.3, 15.8.6, 15.10.8, 15.11.1, 
15.13.1, 28.2.35 

Tris(2,2'-bipyridine )chromium(m), EDTA radical addn. pro
duct 7.5 

Tris(2,2'-bipyridine )chromium(II) ion 7.4 
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Tris(2,2' -bipyridine)cobalt(III) ion 6.4.1, 6.6.6, 7.4.3, 
7.6.2, 7.8. 1, 7. 11. 1, 7. 16.2, 8. 15.2, 8. 16. 1, 8. 17. 1, 
15.8.5, 15. 10.4, 22.3.10, 28.2. 11 

Tris(2,2' -bipyridine )cobalt(Ill) ion, OR adduct 6.98 
Tris(2,2' -bipyridine)coba1t(TI) ion 6.10.1, 6.39, 22.50.10, 

22.54.1,22.55.1,22.59.1,22.62.1 

Tris(2,2' -bipyridine )cobalt(I) ion 6. 11 

Tris(2,2' -bipyridine )iron(III) ion, H-adduct 9.40 

Tris(2,2' -bipyridine)iron(ffi) ion, OR-adduct 9.39 

Tris(2,2' -bipyridine)iron(ffi) ion 6.6.12, 15.8.7, 15.10.10 

Tris(2,2'-hipyridinc)iron(II) ion, OH-adduct 9.13 

Tris(2,2' -hi pyridine )osnllum(ll) ion 16. 1 

Tris(2,2' -bipyridine )rhodium(ll) ion 8. 17.3, 21. 11, 
22.50.58 

Tris(2,2'-bipyridine)rhodium(I) ion 21.3 

Tris(2,2'-bipyridine)ruthenium(ll) ion 5.1.51, 6.1.24, 
22.55.10, 25.1.12, 25.2.12, 28.2.55 

Tris(2,2' -bipyridine )ruthenium(ll) ion, H-adduct 22.44 

Tris(2,2' -hipyridine)ruthenium(ll) ion, OR-adduct 22.24 

Tris(2,2'-hipyridine)rutheniumCll) ion, electron adduct 22.3 

Tris(2,2'-bipyridine)ruthenium(ill) ion 1.2.6, 5.1.52, 
6.19.2, 6.39.2, 6.40.1, 6.41.2, 6.48.1, 6.53.1, 6.54.1, 
6.55. 1, 6. 110. 1, 6. 111. 1, 6. 112. 1, 6. 11 a. 1, B. 114. 1, 

7.4.12, 8.5.11, 8.6.1, 8.7.1, 8.8.1, 10.3.2, 22.3.36, 
22.50,25.10.2 

Tris(2.2' -bipyridine)silver(ll) lon 7.4.2 

Tris(2,2' -bipyrimidine )ruthenium(TI) ion, electron adduct, 
protonated 22. 13 

TrisC2.2' -bipyrimidine)ruthenium(TI) ion. electron adduct 
22.12 

Tris(2,2'-bithiazole )ruthenium(ll) ion 22.66 

Tris(5-bromo-l,lO-phenanthroline)chromium(lI) ion 7.14 

Tris( 5-bromo-l, 1 O-phenanthroline )ruthenium(Ill) ion 
8.5.14,22.56 

Tris(5-chloro-l, 1 O-phenanthroline )chromium(II) ion 7.11 

Tris( 5-chloro-l, 1 O-phenanthroline )chromium(lli) ion 
7.12.1, 7.13.1 

Tris(5-chloro-l, 1 O-phenanthroline )chromium(llI), EDTA 
radical addn. product 7.12 

Tris( 5-chloro-l, 1 O-phenanthroline )chromium(III), carboxyl 
radical addn. product 7.13 

Tris(5-chloro-l, 1 O-phenanthroline )osmium(III) ion 16.4 

Tris(5-chloro-l, 1 O-phenanthroline )ruthenium(II) ion, elec
tron adduct 22.33 

Tris( 5-chloro-l ,1 O-phenanthroline )ruthenium(ill) ion 
6.52.2, 6.54.3, 8.5.15, 10.3.4, 22.57 

Tris(cyano)nickelate(I) ion 15.3, 15.3.1 
Tris( 4,4' -dimethyl-2,2' -bipyridine)chromium(ll) ion 7.6 

Tris(4,4'-dimethyl-2,2'-bipyridine)cobalt(ll) ion 6.15.1, 
22.3.7 

Tris(4,4'-dimethyl-2,2'-bipyridine)cobalt(lli) ion 6.16.1 

Tris(5,5'-dimethyl-2,2'-hipyridine)osmium(llI) ion 16.2 

Tris( 4,4'-dimethyl-2,2'-bipyridinerhodiumCllI) ion 22.3.34 

Tris(4,4'-dimethyl-2,2'-bipyridine)ruthenium(ll) ion, elec
tron adduct 22.30 

Tris( 4,4'-dimethyl-2,2' -bipyridine )ruthenium(ID) ion 
8.5.12,22.51 

Tris(5,5'-dimcthyl-2,2'-bipyridinc)ruthcnium(III) iun 22.~1. 

Tris( 4,4' -dimethyl-2,2'-bispyridine )cobalt(I) ion 6.16 

Tris( 4, 7 -dimethyl-I, 1 O-phenanthroline )chromium(ll) ion 
7.16 

Tris( 4,7 -dimethyl-I, 1 O-phenanthroline )ruthenium(ll) ion, 
electron adduct 22.32 

Tris( 4, 7 -dimethyl-I, 1 O-phenanthrolinc )luthcniu1ll(m) .LOll 

6.39.5, 6.52.3, 6.54.4, 8.5.17, 10.3.6,22.59 

Tris( 5,6-dimethy 1-1,1 O-phenanthroline )chronllum(ll) ion 
7.17 

Tris(5,6-dimethyl-l,lO-phenanthroline)ruthenium(ill) ion 
8.5.18, 10.3.5,22.58 

Tris( 4,4'-diphenyl-2,2'-bipyridine )chromium(II) ion 7.7 

Tris( 4,7 -diphenyl-l, 1 O-phenanthroline )chromiumCll) ion 
7.19 

Tris( dipyrido [3,2-c:2' ,3' -e ]pyridazine )rutheniumCll) ion, 
electron adduct 22.35 

Tris( dipyrido[3,2-c:2',3' -e ]pyridazine )rutheniumCn) ion, 
electron adduct, protonated 22.34 

Tris( ethylenediamine )cobalt(II) ion 6.27 

Tris(ethylenediamine)cobalt(ill) ion 5.1.9, 6.1.4, 6.6.7, 
7.6.1, 7.15.1, 7.16.1, 8.16.2, 15.1.9, 15.8.2, 15.10.3, 
17.3.7, 22.3.4, 28.2. 12 

Tris(glycinato )cobaltate(ll) ion 6.45 

Tris(5-methyl-l,lO-phenanthroline)chromium(ll) ion 7.1!) 
Tris(5-methyl-l, 1 O-phenanthroline )ruthenium(lli) ion 

8.5.16, 10.3.7,22.60 

Tris(2,4-pentanedionato )ruthenate(II) ion 22.41 

Tris( 1,1 O-phenanthroline )chromium(ll) ion 7.8 

Tris(l,lO-phenanthroline)chromium(ID) ion 5.1.34, 7.9.1, 
7.10.1, 28.2.36 

Tris( 1,1 O-phenanthroline )chromium(ill), EDTA radical 
addn. product 7.9 

Tris( 1,1 O-phenanthroline )chromium(ll), carboxyl radical 
addn. product 7.10 

Tris( 1,1 O-phenanthroline )cobalt(ll) ion 6.40, 22.50. 11 

Tris(1, 1 O-phenanthroline )cobalt(ID) ion 7.4.4, 7.6.3, 7.8.; 
7.11.2, 7.16.3 

Tris( 1,1 O-phenanthroline )iron(ID) ion 9.27 

Tris(l,IO-phenanthroline)iron(II) ion 22.50.52 

Tris( 1,1 O-phenanthroline )osmium(m) ion 16.3 

TrisO, 1 O-phenanthroline )ruthenium(II) ion, electron 
adduct 22.31 

Tris(1,lO-phenanthroline)ruthenium(ll) ion 6.39.4, 6.51. 
6.52.1, 6.54.2, 8.5.13, 10.3.3,22.55 

Tris(5-phenyl-l,lO-phenanthroline)chromium(ll) ion 7.1, 

Tris(5-phenyl-l, 1 O-phenanthroline )ruthenium(III) ion 
8.5.20,22.61 

Tris( 1 ,4,5,8-tetraazaphenanthrene )ruthenium(ll) ion, elec
tron adduct 22.35 
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Tris( 1 ,4,5 ,8-tetraazaphenanthrene )ruthenium(ll) ion, elec
tron adduct, protonated 22.34,22.34.1 

Tris(3,4,7 ,8-tetramethyl-1,1 O-phenanthroline )ruthenium(ll) 
ion 6.39.6, 8.5.19, 22.62 

Tris [2-( 1 ,2,4-thiadiazo 1-5-y 1 )pyri dine ]ruthenium(llI) ion 
22.67 

Tris[2-(2-thiazoly l)pyridine ]ruthenium(llI) ion 22.65 

Tris( 4-triethy Iphosphonio-2,2' -bipyridine )ruthenium(llI) 
ion 6.39.3, 22.54 

Trisulfatocerate(IV) ion 8.5. 1 

Trisulfophthalocyaninezincate(ll) radical anion 28.9 

Trolox C anion 13. 17.2, 13. 18.4 

Tryptophan 15.34.1, 28. 15. 13 

Tryptophan, glycyl- 25.5. 16 
1fyptophan, 5-hydroxy-, conjugate base 9.34.4 

12-Tungstate ion(7 -), dihydrogen 27. 1 
Tyrosine ~8_15_14 

Tyrosine, 3,5-diiodo- 25.4. 17 

Uranyl(VI) ion 7.4.14, 7.6.9, 7.8.7, 7.11.8 

Uridine 5' -monophosphate radical 22.35.4 

Vanadyl(llI) ion 26. 1 

Veratric acid 1.5.13, 25.4.23 
Veratrole 1.5.9,25.4.18, 25.5.10 

Vitamin B2 5.1.69, 6.1.31, 6.4.8 

Vitamin B12a 6.18.2. 
Vitamin B 12s 6. 1 B 

Ytterbium(llI) ions 22.3.39 

Zinc(IT) hematoporphyrin radical anion 28.24 

Zinc(ll) tetrakis(2,6-dichloro-3-sulfonatophenyl)porphyrin 
radical cation 28.22 

Zinc(ll) 5,10, 15,20-tetrakis(2-N-hexylpyridyl)porphyrin rad
ical cation 2B.20 

Zinc(IT) 5,10, 15,20-tetrakis(1-methylpyridinium-4-
yl)porphyrin 1.5.4, 25.4.11 

Zinc(ll) tetrakis(4-N-methylpyridyl)porphyrin 1.5.4, 
25.4.11 

Zinc(IT) tetrakis(4-sulfonatophenyl)porphyrin 5.1.54 

Zinc(ll) 5,10,15 ,20-tetrakis[2-(3-sulfonatopropy 1)-
pyridyl]porphyrin radical cation 28. 19 

Zinc(ll) trisulfophthalocyanine radical anion 28.9 
Zinc(ll) uroporphyrin radical cation 28.23 

Zinc(I) ion 13. 12. 1, 28. 1, 28.2 

1323 
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10. Appendix I. Spectral Properties, pKa's 
and Other Data 

This section contains data which are relevant to the tables 
of rate constants. Table 22B contains the data set for the 
reaction in Table 22, entry 22.50.74, where a selected valr~ 

is given. Figure 1 is a graphical display of the data. Data for 
optical absorption and acid-base equilibria of metal tran
sients have been collected in tables having the same number 
as the rate constant tables, but with the suffix A.. Thus, Table 
13A contains spectral data for manganese transients. Refer
ences in the tables which follow are listed by RCDC serial 
number and may be found in Sec. 7, References to Tables. 

TABLE lA. Spectral properties and pKa's of silver transients 

E 
(nm) (L mo}-I cm-I) 

Ag(O) AgO 360 16000 93A166 
Ag2+ 310 -14500b 93A166 
Agi+ 265 30000-40000 93A166 
Ag2(NH3)n+ -340 -9000b 680435 
AgiNH3)n2+ -250 -6000b 680435 

Ag(II) Ag2+ 275 5400 78C006 
Ag(trimethylacetate)n (2-0)+ -320b -3700b 80A307 
AgOH+ 315 5500 78C006 
Ag(2-aminoethanol )2+ -300b -5200b 82A098 
Ag(2-aminoethanol)22+ -300b -4300b 82A098 
Ag( a-aminoisobutyrate )(OH) -310b -7100b 80A307 
Ag( a-aminoisobutyrate)2 -310b -7800b 80A307 
Ag(ethylene glycol)2+ -310b -6000b 82A098 
Ag(ethylene glycolh2+ -310b -4600b 82A098 
AgGly(OH)! AgGly(OH)2- -310b -5900b 80A307 
Ag(Gly)z -315b -7000b 80A307 
Ag(OHh 290 6500 78COO6 
Ag(NH3)42+ 265 -10500b 79A304 
Ag(NH3hOH+ 290 -7900b 79A304 
AgNTA- -280b -5700b 80A307 
AgEDTA2- -280b -4100b 80A307 
Ag(II)C02CCH2CH2C02 -) -3101:> -3700" 80A307 

Table I. 
bEvaluated from graph. 
cRefers to Ag(H20i+ ~ AgOH+ + H+, etc. 

TABLE 2A. Spectral properties of aluminum transients 

Species '-max E Ref. 
(nm) (L mort em-I) 

5.35c 

8.35c 

Entry 
No.a 

Al (III) [Al(ptsr 580 89R092 2.1 
635 

bEvaluated from graph. 

No.a 

1.1 
1.2 
1.2.1 
1.3 
1.3.2 

78C006 1.4 
1.4.31 

78C006 1.5 
1.6.1 
1.6.1 
1.6.2 
1.6.2 
1.6.7 
1.6.7 
1.6.8 
1.6.8 
1.7 
1.8 
1.9 

-1.11 
1.12 
1.13 
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TABLE 3A. Spectral properties and pKas of gold transients 

Species Amax E Ref. pKa Ref. Entry 
(nm) (L morl em-I) No.a 

Au(O) Au(CNh2- 410b 10500b 89A310 3.1 
410 7500 680302 

Au(CN)2H- 430 6000 89A310 5.9 89A310 
Au(CNhH2 260b 4200b 89A31O 5.2 89A310 3.3 

270 3200 680302 

Au(ll) (OH)Au(CNh- 270 6300 91A018 3.4 
440b 2000b 

(OH)Au(CN)2H 270 1400 91A018 5.7 91A018 3.5 
d 270b,c 4700b 700580 3.6 
e 260b,c 6200b 

310b 4000b 

325 5800 680302 

f 260b 7300b 700580 
320b 4300b 

g 265b 8800b 

330b 5000b 

270 700 91A018 -6 9IAOt8 3.5.1 

hE valuated flUlU graph. 
cShoulder. 
d Aull in the absence of Cl-. 
elO-3 mol L-l Cl-. 
flO-2 mol e l CI-. 
glO-l mol L-l cr. 

TABLE 4A. Spectral properties of bismuth transients 

Species Amax E Ref. Entry 
(nm) (L morl em-I) No.a 

Bi(II) Bi2+ 285 24000 88A493 4.1 

Bi(IV) BiCH2OH3+ 420 20000 88A493 4.2 
BiCH(CH3)OH3+ 420 9000 88A493 4.3 
BiC(CH3)20H3+ 415 8000 88A493 4.4 
BiCH2C(CH3hOH3+ 410 7000 88A493 4.5 
BiCOOH3+ 400 3600 88A493 4.6 

aIn Table 4. 

TABLE :SA. SpeCtral propenies of cadmium transients 

Species Amax E Ref. Entry 
(nm) (L mor l em-I) No.a 

Cd(O) Cdo 260 20000 92N098 5.1.7 

Cd (I) Cd+ 300 13940 92A182 5.1 
300 11800 88A124 
301 14000 751153 

-300b -16500b 751064 
Cd+21 310 11500 93A362 5.2 
Cd+22 285 10600 93A362 5.3 
Cd+ 221 290 6000 88A124 5.4 
Cd+222 240 6200 88A124 5.5 
Cd(cyclam)+ 340 11000 80A380 5.6 
CdlLc 320-330 -8000 701228 5.7-5.10 
CdEDTA3- 320 9700 80A072 5.7 

"350 8000 690277 

aIn Table 5. 
bEvaluated from graph. 
CL = en, Gly-, NTA, EDTA. 
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TABLE 6A Spectral properties and pKa's of cobaJt transients 

Species Amax E Ref. pKa Ref. Entry 
(nm) (L morl em-I) No.a 

Co(I) Co+ 315 2400 761136 6.1 
315 2100 751027 
370 2080 

Co(CN>s4- 280 -8000 710097 6.2 
CoNTA2- 360 2300 79A255 6.3 
N·meso-Co( 4, 11·dieneN4t 635 -102001:1 91A513 6.5 
N·meso-Co(4,11·dieneN4)(C02t 470 288 91A513 6.5.3 
N-meso-Co( 4,11-dieneN4)(H)2+ 440 445 91A513 13.9 91A513 6.5.5 
N-rac-Co( 4,11·dieneN4)+ 630 -l06oob 91A513 6.6 
prim·N-rac-Co( 4,11-dieneN4)(H)2+ 440 520 91A513 11.8e 91A513 6.8 

11.6d 91A513 
sec-N-rac-Co( 4,11-dieneN4)(H)2+ 440 300 91A513 11.5d 91A513 

lO.3 f 91A513 
9.38 91A513 

prim-N-rac-Co( 4,11-dieneN4)(CO)"'" 860 125 89A098 6.6.3 
400b 700 

prim-N-rac-Co( 4,11-dieneN4)(C02t 440i 510 91A513 6.6.4 
sec-N-rac-Co( 4,11-dieneN4)(COzY 470 210 91A513 6.6.4 
Co(bPY)n+ 620 5100 79A034 6.10 
Co(bPyt 670 4100 85A034 6.11 
Co(bPy)t 570 5400 85A034 6.12 
CO(bPY)2(Hi'" 6.~ ~4Al12 6.12.2 
Co(bPy)t 610 6200 85 A034 6.13 
Co( 4,4' -Me2bPyt 660 4500 85A034 6.14 
Co(4,4'-M~bpY)t 500 5400 85A034 6.17 
CO(4,4' -Me2bPY)3' 610 6300 8.:5A034 6.18 

Co(II) CO(bPY)32+ 300 42000 79A034 6.41 
Co(phen)32+ 270 56000 79A034 6.42 
CoEDTA(02)3- 290 -13000 84A249 6.60 
Co(NTA-Hr <250 6400 79A255 6.62 
Co( cyc1am)(02)2+ 360 2600 90A079 6.65 
COCP2 360 1750 88A066 6.67 

Co(III) [Co(NH3Mrnbpy)r3+ 380 11000 89A115 6.68 
580 6500 

[CO(NH3)S(02CCH2Py-4-CONH2)] ,2+ 310 800 83B029 6.70 
410 400 

[Co(NH3MH02CCH2Py-4-CONH2)]'3+ 313 3200 83B029 6.71 
412 2000 

[Co(NH3M02CCH(CH3)Py-4-CONH2)r2+ 310 >800 83B029 6.72 
400 >370 

[Co(NH3)s(H02CCH(CH3)Py-4-CONH2)r3+ 320 1000 83B029 6.73 
415 500 

[Co(NH3M02C(CH2)3Py-4-CONH2)]·2+ 315 650 83B029 6.74 
400 300 

[Co(NH3>s(H02C(CH2)3Py-4-CONH2)]·3+ 320 1650 83B029 6.75 
413 1200 

CoEDTA(02)2- 260 10000 84A249 6.81 
[Co(NH3)SPyOH]'3+ 325 1700 79A213 6.95 

-330 -1500 76A265 
[Co(NH3hnaOH]'3+ -380 -2800 76A265 6.96 
[Co(NH3)sisnOH]' 3+ -330 -2000 76A265 6.97 
CH3CoNTA(H20r 245 14000 88A343 6.101 

390 170 
600 90 
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TABLE 6A. Spectral properties and pKa's of cobalt transients -Continued 

Species 

HOCH2CoNTA(H20r 

HOCH(CH3)CoNTA(H20r 

02CCH2CoNTA(H20)2-

C2HsOCH(CH3)CoNTA(H20)2-

HOC(CH3)2CoNTA(H20r 

CoNTA(Br)(H20r 

HOCH2CoHEDTA(H2O)-

aIn Table 6. 
bEvaluated from graph. 
eIn 0.5 mol L-1 phosphate. 
dIn 0.1 mol L-1 phosphate. 
CAt 25°C. 
fAt 45°C. 
gAt 65°C. 
bShoulder. 

'-max 
(nm) 

256 
396 
600 
262 
410 
570 
266 
380b 

610 
275 
420 
580 
263 
412 
550 
290 
410b 

580 
270 
380 

e Ref. pKa 
(L mol-I em-I) 

9300 88A343 
310 

30 
9000 88A343 

580 
40 

7000 88A343 
200 
90 

8700 88A343 
790 
40 

11000 88A343 
530 

80 
12000 88A343 

200 
150 

14000 88A343 
230 

Ref. Entry 
No.a 

6.102 

6.103 

6.104 

6.105 

6.106 

6.107 

6.108 

iSpectrum is temperature dependent, Amax = 440 nm at O°C (six-coordinated), Amax = 520 nm (e = 1100 L mor l em-I) at 60°C (five-coordinated). 
jeat 250 om. 
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TABLE 7 A. Spectral properties of chromium transients 

Species Amax e Ref. Entry 
(nm) (L mor l em-I) No.a 

Cr(II) Cr(bPY)32+ 475 4100 87A309 7.4 
565 3700 
465 3900 81A060 
490 3400 
562 4600 

Cr(4,4'-Me2bpYh2+(pH -1) 470 4600 81A060 7.6 
560 4500 

Cr(4,4'-Ph2bPYh2+ b 485 4900 81A060 7.7 
Cr(phen)/+(pH 2) 475 4200 87A309 7.9 

560 3900 
430c 3600 81A060 
700 2500 

Cr(5-Clphenh 2+(pH 2) 480 3300 81A060 7.11 
Cr(~-Brphen)3l"'(pH -1) 4a.:5 3900 8 1 A060 7.14 
Cr(5-Mephenh2+(pH -1) 485 3500 81A060 7.15 
Cr(4,7-M~phen>:~2+ b 440 3700 81A060 7.16 
Cr(5,6-Me2phen)/+(pH -1) 420c 4200 81A060 7.17 

480 3000 
Cr(5-Phphenh2+ b 480 2600 81A060 7.18 
Cr(4,7-Ph2phenh2+ b 430 6800 81A060 7.19 
Cr(bpYM~04) 350 3200 87A309 7.20 

495 2400 

580 2000 
Cr(bpy)(C20 4h 2- 350 4300 87A309 7.21 

485 1700 
610 1100 

Cr(phenh(C20 4) 340 2900 87A309 7.22 
480 2500 
575 1600 

Cr(phen)(C20 4)22- 340 3500 87A309 7.23 
470 2000 
600 600 

Cr(lll) CrH2+ 380 190 741142 7.27 
crOl+ 245 7800 751063 7.2.3 

290 3200 
248 6900 751215 
290 3000 

CrCH2CH2OH2+ 390 380 91A477 7.29 
390 450 82A030 

CrCH(CH3)CH2OH2+ 285 2100 91A477 7.30 
390 310 

CrCI I(CII3)CI I(CI 13)OI 12+ 280 2600 91A477 7.31 

400 450 
CrCH2C(CH3hCH2OH2+ 270c >2100 741146 7.32 

410 >170 
CrCOH(CH3)C02H

2+ 305 1500 741146 7.34 

385 230 
CrCH2C(CH3hC02H

2
+ <270 >2200 741146 7.35 

410 >310 
CrCH2C(CH3}zNH3

3+ --280d -1300d 92A073 7.36 

-400d _200d 

aIn Table 7. 
bIn methanol. 
CNot Amax. 
dEvaluated from graph. 
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TABLE 8A. Spectral properties and pKa's of copper transients 

Species Amax £ Ref. pKa Ref. Entry 
No.a 

Cu(O) Cuo 375 5600 84A439 8.2 

Cu(I) Cu(M~pyo{14 ]trieneN4r -350 -1100 86A21O 8.17 
Cu(bpy)t 430 4800 85A059 8.18 
Cu(phen)2+ 430 7800 88A392 8.19 

430 5400 87G275 
435 6900 83A299 

Cu(5-Clphen)t 440 6000 85A059 8.20 
Cu(5-N02phenh + 450 7320 85A059 8.21 
Cu(5-CH3phen)2 + 430 5960 85A059 8.22 
Cu(2,9-Me2phen)t 454 7500 85A059 8.23 

Cu(II) CUCH3+ ....,390b -2100b 86A115 8.28 
CuCH(CH2NH3)C02 + 360 1500 92A134 8~30 
CuCH2C(CH3hOH+ 400 1400 88A41O 8.32 
CUCH2C(CH3)2NH32+ 385 5500 92A073 8.33 
CuCH(CH2NH3)l+ 355 2100 93A473 8.34 
CuCH(CH2NMe2H)l+ 370 780 93A473 8.35 
CUCH2C(CH3)2C02H+ 380 1850 90A474 8.37 
CuCH2C(CH3)(NH3)COt 355 2100 92A215 8.38 
CuCHCH(OH)(CH2)/ 360 880 91A152 8.39.1 
Cu(OC6H4-4-0) 425 4300 78A449 8.40 
Cu(acrylamider 250 6200 761186 8.5.21 

315 1400 
Cu(fumaric acidt 335 3000 751092 8.5.26 
Cu(maleic acidr 345 2800 751092 !t5.2Y 

Cu(III) Cu(Mezpyo[ 141trieneN4)(OHi+ -350 -2300 86A21O 8.44 
Cu(OHh+ 290 3500 78C006 4.0c 78C()06 8.46 
Cu(OH)3 2lSU 7400 "/8COO6 
CuIlI(NH3)n 290 5600 710775 8.48 
Culli(en>n(pH=8.0) 300 2100 710775 8.49 
CuIlI(en>n(pH=11.3) 300 2500 
Cu( 4, I1-dieneN4)3+ 315 5500 79A080 8.52 
Culli(GlYh 310 7800 710775 8.57 
Culli(Alah 300 5500 89G017 8.58 

305 4700 710775 
Culll(~-Alah 310 4700 71017:5 8.:59 
CuIlI(a-aminobutyric acidh 310 3000 710775 8.60 
CuIll(p-aminobutyric acid)2 310 3300 710775 8.61 
Culli(y-aminobutyric acidh 310 3500 710775 8.62 
culll(a-aminoisObutyric acidh 310 3200 71017'5 8.63 
CuOC6H4-2-0H2+ 380 410 78A449 8.76 
CuOC6H4-3-0H2+ 420 4500 79A272 8.77 
CuOC6H4-4-0+ 425 870 78A449 8.78 
CuOC6H3-5-Me-3-0Hz+ 450 3500 79A272 8.79 
cis-[HOCH2Cu(NTA)(H20)r 430 200 86B151 8.84 

aIn Table 8. 
bEvaJuated from graph. 
cPor Cu(OH}z{HzO),," +! CU(OH)3 + H"'. 
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TABLE 9A. Spectral properties and pKa's of iron transients 

Species Amax E Ref. pKa Ref. Entry 
(nm) (L mol-I em-I) No.a 

Fe(II1?) Fe(bpy)(CN)l- -365b -16oo0b 91A067 9.3 
-530b -70oob 

370 13000 90A171 
Fe( 4,4' -Me2bpy)(CN)l- -375b -14oo0b 90A499 9.4 

-520b -60oob 

370 10000 90A171 
Fe(CN)5N(O)R3- c -250 -9000 79A134 9.7 

475 5000 

Fe(I1) Fe(tim)(H2O)22+ 650 4400 84A403 9.9 

Fe(II1?) Fe(bpYMbpyOH)2+ 350 -5000 90A015 9.13 
530 -4000 

Fe(I1,III) FeH02Fe4+ 450d 1240 730038 9.15 

Fe(III) FeH2+ 325 650 690434 9.16 
t<eHU{" 4501.1 140 730038 9.17 

430d 280 690434 
Fe(III)PP(H) 550 10000 86A511 9.20 
HOCH2Fe(III)PP 575 9000 85A006 9.21 

6!SU 4800 
HOCH(CH3)Fe(III)PP 560 13000 85A006 9.22 

680 4200 
(CH3)zC(OH)Fe(III)PP 570 11000 85A006 9.23 

660 5300 
HOCH2CH2Fe(III)PP 560 7000 86A511 9.24 
HOCH2CH(CH3)Fe(III)PP 550 8000 86A511 9.25 
CH3FeNTA(H20r -310b -85oob 88A426 9.28 
C02FeNTA2- 405 620 88A184 9.29 
C02FeHEDTA 2- 420 950 88A184 9.30 

Fe(IV) FeO(OH)/-n 240 -5500 86A018 9.46 
420 520 

FeO(P20 7)26- 420 1200 90A373 9.49 
HOFeIVSiW110395- 355 8600 90A253 9.50 

Fe(V) H2Fe04- 9.5 89A354 9.51 
HFeO/- 270d 4700 91Z208 10.1 89A354 9.52 

368 990 
FeOl- 270d 5300 91Z208 9.53 

368 990 
390 1500 86A018 

3In Table 9. 
bEvnluated from graph. 
cR = ·CH2C(CH3)20H, ·CH2C(CH3)(NH3+)C02-, 

·CH2N(CH3)C(O)CH3, • CH2C(CH3)2NH3 +, 
·CH2C(CH3)(OH)C02-, ·CH2C(CH3)2C02-

dNot I.max. 
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TABLE lOA. Spectral properties and pKa's of mercury transients 

Species Anmx E Ref. pKa Ref. Entry 
(nm) (L morl em-I) No.a 

Hg(O) Hgo 254 2800 751203 10.1 

Hg(O,I) Hgt 285 13000 79A063 10.2 
300b 6700 

Hg(I) Hg+ 250 14000c 731080 5.1d 751044 10.3 
HgOH 233 -10000e 751044 10.4 

260f 5300 
Hg20g 215 8700b 751044 10.4.1 
HgBr 350 4300 761042 10.6 
HgCI 330 2300 730043 10.8 
HgCN 285 3500 761042 10.10 

285 3800 751203 
HgI 3jj 23200 761042 10.11 

HgSCN 415 4400 761042 10.12 

aln Table 10. 
b). at half-height. 
CEat 255 Dm. 

dPor Hg+ + H20 +z HgOH + W". 
~valuated from graph. 
fShoulder. 
gOr Hg2(OHh. 
bEat 220 nm. 

TABLE 11A. Spectral properties and pKa's of indium transients 

Species Anmx E Ref. pKa Ref. Entry 
(nm) (L mol- l em-I) No.8 

In(O) Ino 500 ::::1800 89A492 11.1 

In(I) In2+ 310 ::::8000 89A492 11.1.1 
460 ;;::Zloo 

In(II) In2+ 250b -20000c 84A008 4.5d 84A008 11.2 
aIn Table 11. 
bNot A-.nax. 
cEvaluated from graph. 
dRefers to In(H20)2+ i:Z InOH+ + H+. 

TABLE 12A. Spectral properties of iridium transients 

S~9ies Anmx E Ref. Entry 
(nm) (Lmor l em-I) No.a 

Ir(II) Ir(II)b 280 1740 731066 12.1 

Ir(IIII?) Ir(bpYMC3.N'-Hbpy)2+ 395 10600 85A160 12.2 
aln Table 12. 
bprom IrC16

3- + eaq-. 
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TABLE 13A. Spectral properties of manganese transients 

Species Amax e Ref. 

Mn(lI) MnLNTA-Hf -3UUb -3UUUb 7HA436 
Mn[EDTA-H]2- 290 2800 78A436 

430 820 

Mn(III) MnOH2+ 310 420 78A041 
-420b _200b 761109 

Mn02+ -420b -300b 761109 
Mn02 + -formate 270 3200 84A189 
Mn(III)-phosphate -270b -28oob 84A384 
MnOt -phosphate 270 3100 84A384 
Mn(IIl)-pyrophosphate 260 6200 84A189 
Mn02 + -sulfate 270 2200 84A189 
MnEDDA(Ozf -445" -360" 90A1l6 
MnEDDA(OH}z- -440b -300b 90A116 
CH3Mn(NTA)(H20r 310 4700 88A426 

Mn(IV) [HOMn(cyclarn)Clzr 48U 260 87A488 
[HO-meso-Mn(aneN4)Clz]+ 320 920 87A488 

450 190 
[HO-rac-Mn(aneN4)Clz]+ 260 1700 87A488 

450 150 

Table 13. 
bEvaluated from graph. 

TABLE 14A. Spectral properties of molybdenum transients 

Species "-max e Ref. Entry 
No.a (nm) (L mort cm- I ) 

HPzMog0 6z6- 750 
[Mn:p..{FnTA)]3- _"\?Ob 

aIn Table 14. 
bEvaluated from graph. 

82AI07 14.1 
R5A363 14.2 

Entry 
No.3 

13.9 
13.10 

13.12 

13.13 
13.14 
13.17 
13.18 
13.19 
13.21 
13.27 
13.27 
13.28 

13.33 
13.34 

13.35 
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TABLE 15A. Spectral properties and pKa's of nickel transients 

Species "-max f. Ref. pKa Ref. Entry 
(nm) (L mol-I em-I) No.a 

Ni(l) Ni+ 300 4800 751027 15.1 
300 6000 741037 

Ni(CN)l- 270 13300 741072 15.2 
Ni([13]aneN4t -380b -31oob 85A145 15.4 
Ni(MeN02[13]aneN4t 290 3800 88A391 15.5 
Ni(cyclamt 375 4500 85A032 15.6 
Ni(Me4[14]aneN4t 355 3150 85A032 15.7 
Ni(aneN4t 380 5150 761039 15.8 
Ni(MelOcyclamt 335 3600 85A032 15.9 
Ni( 4; II-dieneN4t 460 3900 761039 15.10 
Ni(MeN02[18]aneN6t 290 640 88A391 15.14 
Ni(MeNH2[18]aneN6t 360 720 88A391 15.15 
NiL+ c 360 540 88A391 15.16 
NiNTA2- 300 1980 80A194 15.17 

Ni(II) NiCH2OH+ 2S0d -7000b 741037 IS.19 
NiC02 250d -5oob 741037 15.20 
NiCHOHCH3+ -270b -6500b 741037 15.21 
NiCOH(CH3)2+ 2S0d -5ooob 741037 15.22 
NiCH(CH3~Ht -3oob -6500b 741037 IS.23 
NiCIDA-H) -245 3000 81 A023 15.27 
Ni(IDA)(IDA-Hf- 255 5800 81 A023 15.28 
Ni(NTA-Hf 290 2050 80A194 15.29 

290 2050(pH 4) 78A436e 

290 16oo(pH 9) 78A436e 

Ni(III) Ni(NH3)n3+ 295 1400 720460 15.31 
Ni(en)n3+ 295 2000 720461 15.32 
Ni(GlY)n (3-n)+ 285 2800 720461 15.33 
Ni([13]aneN4)3+ -520b -25oob 86A470 15.35 
Ni(MeN02113]aneN4)3+ 520 3400 88A391 15.36 

360 -800 
310 -2400 

Ni(10,13-diene-H)2+ 330 6850 82A060 15.38 
600 2500 

Ni(tri fluoro-l 0, 13-dieneN4-H)(H20)2 2+ 355 4600 84A277 5.1f 84A277 15.40 
580 1800 

CH3Ni( cyclam)(H20)2+ -300b . -2ooob 88A444 15.41 
-530b -loob 

Ni(cyclam)3+ g -525b -1000(pH 6) 80A350 15.42 
-280b - 23oob(pH 6) 
-300b -5600b(pH 3.1) 

Ni(cyclam)3+ b -300b -12000b(pH 6) 8SA032 
p-Ni(aneN4)3+ g -5S0b -1200b(pH 3.2) 81A285 15.43 

-300b -2600b(pH 3.2) 
Nl(aneN4f" -5501.1 -l100b 79A249 15.44 
Ni(aneN4)SO/ -320b -9500b 79A249 15.44.S 

-4OOb -5ooob 

Ni( 4, I1-dieneN4)3+ b -320b -85oob(pH 1) 79A038 15.45 
Ni( 4, 11-dieneN4»).,. II 535 1500 771151 

-320b -85oob(pH 0.2) 79A038 
-550b -3000b(pH 5.3) 
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TABLE 15A. Spectral properties and pKa's of nickel transients -Continued 

Species "-max E Ref. pKa 
(nm) (L mor l cm- l ) 

Ni(tetraeneN 4)3+ -330b -6000b 

Ni([16]aneN 5)3+ 290 6900 
Ni(MeN02[18]aneN6)3+ 545 410 

370sh -600 
310 -1100 

Ni(MeNH2[18]aneN6)3+ 545 2900 
390sh -1200 
340 -1800 

NiL3+ C 530 620 
300sh -400 

Ni(Me2Pyo[14]trieneN4)(H20h3+ 

Ni(Me:zpyo[14 ]hexaeneN4)B?+ 265 15000 
360 4500 

NiEDTA- i -570b 2600 
NiEDTA-g -290b -1700b 
NiEDTA(H,P)- _SROb 2010 

265 2700 

hEvaluatcd fmm gcaph. 

cL = 3,7 -Bis(2-aminoethyl)-1 ,3,5,7 -tetraazabicyclo[3.3.1 ]nonane. 
dN ot "-max. 
eSpecies suggested to be Ni(III). 
fpKa for L -+ L-H. 
gObtained from' OH. 
hObtained from Br2·-' 
iObtained from C03·-. 
jPor Ni02H

2+ ~ NiOt + H+. 

79A038 
83A322 
88A391 

88A391 

88A391 

R2AOR7 

91A292 
751135 
91A292 

761134 

TABLE 17 A. Spectral properties of lead transients 

Species "-max E Ref. Entry 
(nm) (Lmorl cm- l ) No.a 

Pb(O) PbO b 300 12000 92A206 17.1 
660 970 

Pb(l) Pb+ 320 2500 92A206 17.2 
Pb(I) C 275 6400 78A206 17.3 

315 11000 

Pb(Il1) Pb(Il1) d 430 6500 84A446 17.7 
Pb(OH)t -370e -27ooe 90A095 17.8 
Pb(OH)4- -275e -97ooe 90A095 17.9 

-350e -6400e 

aln Table 17. 
bSpecies could be Pb/+. 
cIn the presence of CI-. 
dIn the presence of 11 mol L-I HCl. 
eEvaluated from graph. 

TABLE 18A. Spectral properties of palladium transients 

Species "-max E Ref. Entry 
(nm) (L mor l cm- l ) No.a 

Pd(I) Pd+ 290 6400 94A210 18.1 
Pd(HypO)2- 260 1800 93A224 18.2 

Pd(III) Pd3+ 250 4700 94A210 18.1.1 

aIn Table 18. 

4 

Ref. 

81AI44 

761134 

Entry 
No.a 

15.50 
15.52 
15.53 

15.54 

15.55 

15.60 

15.69 

15.70 

IS.7? 

15.73 
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TABLE 19A. Spectral properties and pKa's of platinum transients 

Species "-max E Ref. pKa Ref. Entry 
" (nm) (L mor l cm-I

) No.a 

Pt(I) cis-Pt(NH3)2CI2 - <250 >1200b 85A090 19.2 
PtBr43- 320 3000 92A259 19.4 
PtC14

3- 310 2900 680169 19.5 
Pt(en)t 300 1650 751188 19.77 
Pt(dien)CI 335 2780 751188 19.8 
cis-Pt(Gly)z- 240 -5100 771053 19.9 
trans-Pt(Gly)z - 250 -5500 771053 19.10 

Pt(II1?) Pt(en)/+/H 420 220 751188 19.11 
Pt( dien)CI + /H 410 520 751188 19.12 
Pt(Et4dien)Cl + /H 290 2620 751188 19.13 
cis-Pt(Glyh/H -250 -4100 771053 19.14 
trans-Pt(Gly)z/H 260 -5800 771053 19.15 

Pt(I,II) Pt2(P20sHl-)i- -420 -13000 84A241 19.16 
-600 -1700 

Pt(III) Pt(NH3MH2O)(OHi+ 270 >2900 82A074 9.8 82A074 19.18 
Pt(NH3MH:Ph3+ 270c 86A017 6.4 82A074 19.20 
Pt(NH3MH2O)CI2+ 270 3300 86A017 19.20.2 
PtcIl- 440 2800 89A250 19.26 
PtCI4(H20h - 410 3500 87A472 3.5 87A472 19.28.1 
PtCI4(OH)(H2Oi- 450 2780 89A250 19.29 

455 3500 89A203 9-10 89A203 
450 2800 680169 

PtCliOHh3- d 410 3960 89A250 19.30 
PtCI2(OHh- d 410 4400 89A203 19.31 
PtBr4(OH)2- 530 1420 92A259 19.32 
PtBr4(OH)/- 420 2260 92A259 19.32.1 
PtBr6

3- 540 1650 92A259 19.33 
PtBrs(OH)3- 440 2350 92A259 19.33.1 
Pt(enhCt2+ 260 8000 80A286 19.35 

265 7120 751188 
Pt(enMH2O)(OHi+ 270 -4500 80A286 19.36 
Pt(enh(H2O)/+ <250c 80A286 6.8 82A074 
Pt(en)(en-H»2+ 340 2900 80A286 19.37 

480 1500 

Pt(II,III) Pt2(P20sH22-)l- 310 7600 86A578 19.47 

aIn Table 19. 
bAt 250 nm. 
cE value not given. 
dThese are probably the same species; the authors have interpreted the structure differently. 

TABLE 20A. Spectral properties of rhenium transients 

Species "-max E Ref. Entry 
(nm) (L mor l cm- I

) No.a 

Re(VI) ReOl- 290 1700 85A234 20.1 

aIn Table 20. 
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TABLE 21A. Spectral properties of rhodium transients 

Species '-max E Ref. Entry 
(nm) (L mol-I em-I) No.a 

Rh(I) Rh(bpyh+ 510 10000 81A134 21.11.2 

Rh(I,II) Rh2( 1 ,3-diisoeyanoprOpane)4 3+ 438 34500 79A167 21.4 
705 2000 

Rh(II) Rh(bpYh2+ -300b -23000b 83A046 21.10 
-350b -3500b 

[Rh(bpyhh4+ 350c -80oob 83A046 21.10.1 
Rh(bpY)32+ -300b -300oob 83A046 21.11 

-350b -50oob 

aIn Table 21. 
bEvuluated from graph. 
CNot '-max. 
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TABLE 22A. Spectral properties and pKa's of ruthenium transients 

Species Amax E Ref. pK8 Ref. Entry 
(nm) (L mol-I em-I) No.8 

Ru(I) RU(NH3)5N2 + 310 700 710234 22.1 

Ru(III?) Ru(bpyh(CN)2 - -350b -125oob 84A177 22.2 
-590b -5500b 

RU(bPY)3+ 350 18300 91A198 22.3 
490 13900 
490 14000 767412 
510 12000 720381 

Ru(bpYMbpmt 340 21500 91A198 22.6 
460 13400 
480d 12700 

Ru(bPYMbpmH)2+ 330 18800 91A198 7.7 91A198 22.7 
420 12100 
440d 11700 

Ru(bpyh(bpzt 470 11000 91A198 22.8 
Ru(bpyh(bpzH)2+ 450 12100 91A198 9.2 91A198 22.9 

530 3700 
Ru(bpy)(bpm)(bpz)"'" 350d 15900 91A198 22.10 

470d 8200 
Ru(bpy)(bpm)(bpzH)2+ 410 10000 91A198 8.8 91A198 22.11 

480d 6400 
RU(bpm)3+ 330 19000 91A198 22.12 

450 11500 
480 11100 

Ru(bpmh(bpmH)2+ 330 18600 91A198 6.3 91A198 22.13 
370d 12200 
430 9200 

Ru(bpmh(bpyt 340 21200 91A198 22.14 
440 13300 
480d 10600 

Ru(bpm)(bpmH)(bpy)2+ 340 21200 91A198 6.9 91A198 22.15 
390 13000 

Ru(bpmh(bpzt 360 18400 91A198 22.16 
460 8900 
490d 8700 

Ru(bpmh(bpzH)2+ 330d 17900 91A198 7.7 91A198 22.17 
450d 7900 
500d 5200 

Ru(bpz)3+ 460 12700 91A198 22.18 
Ru(bpzh(bpzH)2+ 440 11800 91A198 7.1 91A198 22.19 

470d 10500 
Ru(bpzh(bpyt 370 16100 91A198 22.20 

490 9200 
Ru(bpz)(bpzH)(bpy)2+ 400 9100 91A198 8.0 91A198 22.21 

460 8300 
500 7500 

Ru(bpzMbpm)"'" 360 18100 91A198 22.22 
460 10100 
490 10000 

Ru(bpz)(bpzH)(bpmY~+ 450 9500 91A198 7.2 91A198 22.23 
480d 7800 

Ru(bpykOH2+ 750 1800 86A034 22.24 
Ru(bpzkOH2:," -440b -10600 88A091 22.25 

-550 -3400 
-750 -900 
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TABLE 22A. Spectral properties and pKa's ofl11thenium transients -Continued 

Species '-max E Ref. pKa Ref. Entry 
(nm) (L mol-I em-I) No.a 

Ru(NH3)sN02+ 280 3700 78AllO 22.37 
350 750 

RU(NH3)sN(O)CH2C(CH3)20H2+ 343 4500 751077 22.37 
740 22 

RU(NH3)5N (O)R2
oH: 342 4500 79A134 

740 22 

Ru(I,II) [ (NH3)sRuN2Ru(NH3)s]3+ 500 1460 82A135 22.38 

Ru(II,III?) [(NH3)sRuN2Ru(NH3)s]-OH4+ 220c -15000 82A135 22.39 
235c -13500 
250c -29000 
260C -15000 
435 1870 

Ru(II,III) [(NH3)sRuN2Ru(NH3)s]s+ 250 28000 82A135 22.40 

Ru(III) Ru(NH3)sN2
3+ 430 2250 710234 22.45 

Ru(IIU?) (NH3)sRu(C40 4-OH) -460 -400 88A030 22.70 
aIll Table 22. 
bEvaluated from graph. 
CNot Amax. 
dShoulder. 
eR = 'CH2C(CH3hOH, 'CH2C(CH3)(NH3+)C02-, 
'CH2N(CH3)C(O)CH3, • CH2C(CH3hNH3 +, • CH2C(CH3)(OH)C02-, 
• CH2C(CH3)2C02-' 
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TABLE 22B. Values ofthe bimolecular rate constant for the reaction 
Ru(bpy)l+ + MVo+ -+- Ru(bpy)/+ + MV2+ 

in aqueous solution 

~b pH f' kNa.'J. teC) ee Ref. 

4.0e9 5.5 0.1 4.0e9 13600 91A143 

3.8e9 0.015 f 3.8e9 13700 91N125 

2.6e9 0.0017 2.6e9 23 13700 90A389 
2.6e9 0.0032 2.6e9 23 13700 90A389 
2.7e9 0.0062 2.7e9 23 13700 90A389 
2.8e9 0.012 2.8e9 23 13700 90A389 
4.2e9 0.15 4.2e9 23 13700 90A389 
4.8e9 0.30 4.8e9 23 13700 90A389 
5.5e9 0.57 5.5e9 23 13700 90A389 
5.5e9 1.0 5.5e9 23 13700 90A389 
1.1elOh 2.4 l.1elO 23 13700 90A389 

5.0e9 0.3 f 5.0e9 13600 89E329 

2.8e9 0.02 3.4e9 20 11300 88A025 
3.4e9 0.08- 4.1e9 20 11300 88A025 
4.2e9 0.16 5.2e9 20 11300 88A025 
4.8e9 0.35 5.8e9 20 11300 88A025 
5.3e9 0.80 6.4e9 20 11300 88A025 
5.6e9h 1.60 6.8e9 20 11300 88A025 

4.3e9 7 0.4 4.ge9 12000 85F435 

l.4elOh 0.3 1.58 1.8elO 11000 82All1 
7.1e9h 1.5 8.ge9 11000 82Al11 
6.6e911 3.0 8.3e9 11000 82Al11 
9.8e9h 4.7 3.1 12.3e9 11000 82Alll 

2.0e9 6.9 0.04 2.4e9 11300 81A042 

4.4e9 7-9 0.5 5.5e9 25 11000 81 N003 

2.4e9 O.03 f 2.ge9 11300 78A351 

a All values obtained from flash photolysis experiments. 
bLmorl S-I. 
emoIL-I. 
dNormalized assuming e(MVo +) = 13700 L mol-1 cm-I [82B053]. 
eMVo+ at -600 om, L rnol-I em-I. 
'Calculated from data given by authors. 
8Value of I probably incorrect, 0.5 mol L-I H2SO4, 

hTbese values do not appear in Figure I. 

TABLE 24A. Spectral properties of tin transients 

Species A..nax e Ref. Entry 
(nm) (L mOrl em-I) No.a 

Sn(III) Sn(III) 280 5300 86A208 24.1 

aIn Table 24. 
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TABLE 25A. Spectral properties and pKa's of thallium transients 

Species A.nax E Ref. pKa Ref. Entry 
(nm) (L mor l cm- l

) No.a 

n(o) no 420 2840 89Cool 25.1 
T12+ 420 11700 89COOI 25.2 

TI(II) Tl2+ 270b -3800e 741017 4.78d 84C015 25.4 
TIOH+ 360 3160 84C015 25.5 

360 3000 761192 7.7d 761192 
TI(OH)2 370 3800 761192 25.6 
TICI+ 263 -7700e 741038 25.7 

342 -4300e 

TICl2 280 -64ooe 741038 25.8 
342 -70ooc 

TlCI3- 304 -10300c 741038 25.9 
362 -94ooc 

aIn Table 25. 
bNot A.nax. 
eEvaluated from graph. 
dRefers to TI(H2of+ +2 Tl(OHt + H+ and Tl(OH)(H20t +2 Tl(OH)2 + H+. 

TABLE 27 A. Spectral properties of tungsten transients 

Species Amax E Ref. Entry 
(nm) (L mol-l cm-l ) No.a 

H2W120407- 680 2100 90A069 27.1 

aIn Table 27. 

TABLE 28A. Spectral properties of zinc transients 

Zn(I) Zn+ 305 12,800 92A182 28.2 
310 13,000 771011 

Zn(cyclam)+ 330 7800 80A380 28.3 
Zn(II) [ZnTZPY 438 210000 83C026 28.7 

[ZnNTA-Hyb 280 2400(pH 4) 78A436 28.10 
290 5200(pH 9) 78A436 

(ZnEDTA-H]2- c 290 2650(pH 4.5) 78A436 28.11 
290 5200(pH 9) 78A436 

[Zn(3-TMpyP)]'s+ 700 31000 85A430 28.13 
84A264 

[ZnTMpyP]·5+ 700 9000 82N168 28.14 
700 7000 81S157 

[ZnTPPS]·3- 460 8500 81C041 28.15 
600 3100 

[ZnTZPV 560 15000 83C026 28.18 
605 5000 

aIn Table 28. 
b Also represented in Table 28 as A or B. 
C Also represented in Table 2S as C or D. 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1341 

11. Appendix II. List of Metal Transients 

Table 1. Silver 

1. 1 Silver atom 
1.2 Silver(I) ion, complex with Ag(O) 
1.3 Amminesilver(O)-silver(I) complex 
1.4 5 t 1 0, 15t20~ Tetrakis( 4-sulfonatophenyl)-

porphinatoargentate(l) ion 
1.5 Silver(ll) ion 
1.6 Hydroxysilver(ll) ion 
1.7 Mono- and dihydroxysilver(ll) 
1.8 Dihydroxysilver(ll) 
1.9 Tetraamminesilver(ll) ion 
1.10 Diammine(hydroxy)silver(ll) 
1.11 Triam:n:linc(hydroxy)silver(II) ion 
1. 12 Nitrilotriacetatoargentate(ll) 
1. 13 Ethylenediaminetetraacetatoargentate(ll) 
1. 14 Silver(ll)-succinate complex 

Table 2. Aluminum 

2. 1 Aluminum(Ill) sulfophthalocyanine, radical anion 

. Table 3. Gold 

3. 1 Dicyanoaurate(O) ion 
3.2 Hydrogen dicyanoaurate(O) ion 
3.3 Dihydrogen dicyanoaurate(O) 
3.4 Dicyanohydroxyaurate(ll) ion 
3.5 Dicyano(hydroxy)aurate(II) iont protonated 
3.6 Golden) 

Table 4. Bismuth 

4. 1 Bismuth(ll) ion 
4.2 Hydroxymethylbismuth(IV) ion 
4.3 I-Hydroxyethylbismuth(IV) ion 
4.4 1-Hydroxy-l-methylethylbismuth(IV) ion 
4.5 2-Hydroxy-2-dimethylethylbismuth(IV) ion 
4.6 Carboxybismuth(IV) ion 

Table 5. Cadmium 

5. 1 Cadmium(I) ions 
5.2 1,4,10-Trioxa-7, 13-diazacyclopentadecane

cadmium(I) ion 
5.3 1,4,10,13-Tetraoxa-7 t 16-diazacyc1octadecane

cadroium(I) ion 
5.4 4,7,13, 16t21-Pentaoxa-1, 10-diazabicyc1o[8.8.5]tri

cosanecadmium(I) ion 
5.5 4 t 7,13,16,21,24-Hexaoxa-l,lO-diazabicyclo[8.8.8]-

hexacosanecadmium(I) ion 
5.6 1,4,8;11-Tetrazacyc1otetradecanecadmium(I) ion 
5.7 Ethylenediaminetetraacetatocadinate(I) ion 
5.8 Ethylenediaminecadmium(I) ion 
5.9 Glycinatocadmium(I) ion 
5. 10 Nitrilotriacetatocadmium(l) ion 
5.77 I-Hydroxyethylcadmium(ll) ion 
5.12 I-Hydroxy-l-methylethy1cadmiumCll) ion 
5.13 5,10t15,20-Tetrakis(4-sulfonatophenyl)-

porphinatocadmatc(II) radical anion 

Table 6. Cobalt 

6.1 
6.2 
6.3 
6.4 

6.5 

6.6 

6.7 

6.8 
6.9 
6.10 
6.11 
6.12 
6.13 
6.14 

6.15 
6.16 
6.17 

6.18 
6.19 
6.20 

6.21 

6.22 
6.23 
6.24 
6.25 
6.26 
6.27 
6.28 
6.29 
6.30 
6.31 
6.32 
6.33 
6.34 
6.35 
6.36 
6.36 
6.37 
6.38 
6.39 
6.40 
6.41 
6.42 
6.43 
6.44 
6.45 
6.46 
6.47 
6.48 
6.49 

Cobalt(I) ion 
Pentakis( cyano-C)cobaltate(I) ion 
Nitrilotriacetatocobaltate(I) ion 
2 t 3,9,lO-Tetramethyl-l,4,8,11-tetraaza-

cyc1otetradeca-1 ,3,8, 10-tetraenecobalt(I) ion 
N-meso-5,7,7,12,14,14-Hexamethyl-l,4,8,11-

tetraazacyc1otetradeca-4, 11-dienecobalt(I) ion 
N-rac-5,7,7,12,14,14-Hexamethyl-1,4,8,11-

tetraazacyc1otetradeca-4, 11-dienecobalt(I) ion 
5,7,7,12,12,14-Hexamethyl-1,4,8,11-

tetraazacyclotetradeca-4,14-dienecobalt(I) ion 
2,2'-Bipyridinecobalt(I) ion 
2,2'-Bipyridinecobalt(I) ion 
Dis(2,2' -bipyridinc )cobalt(I) ion 
Tris(2,2' -bipyridine )cobalt(I) Jon 
4,4' -Dimethyl-2,2' -bipyridinecobalt(I) ion 
4,4' -Dimethyl-2.2' -bipyridinecobalt(1) ions 
4,4' -Dimethyl-2,2'-bipyridinecobalt(I) ion, pro-

tonated 
Bis( 4,4' -dimethy 1-2,2' -bipyridine )cobalt(I) ion 
Tris(4,4'-dimethyl-2,2'-bispyridine)cobalt(I) ion 
5,10,15,20-Tetrakis( 4-sulfonatophenyl)-

porphinatocobaltate(I) ion 
Cubal(I)am..ill . 
3,10,17,24-Tetrasulfophthalocyaninecobaltate(I) ion 
3,10,17,24-Tetrasulfophthalocyaninecobaltate(I) ion 

dimer 
N-Methyltetrakis( 4-sulfonatophenyl)--

porphinatocobaltate(ll) radical anion 
Pentaamminecobalt(ll) ion 
Tetraamminecobalt(ll) ion 
Tris(ammine)cobalt(II) ion 
Bis( ammine )cobalt(ll) ion 
Amminecobalt(n) ion 
Tris( ethylenediamine )cobalt(ll) ion 
Bis( ethylenediamine )cobalt(ll) ion 
Ethylenediaminecobalt(II) ion 
Bis( diethylenetriamine )coba1t(ll) ion 
Diethylenetriaminecobalt(ll) ion 
Triethy lenetetraminecobalt(ll) ion 
Hydroxytriethylenetetraminecobalt(ll) ion 
Nitrito( triethy lenetetramine )cobalt(ll) ion 
Tetraethyldiethylenetriaminecobalt(ll) ion 
'liis(acetylacetonato)cobaltate(II) ion 
Tris( acetylacetonato )cobaltate(ll) ion 
Bis( acety lacetonato )cobalt(II) 
Acetylacetonatocobalt(II). ion 
Tris(2,2' -bipyridine )cobalt(ll) ion 
Tris( 1,1 O-phenanthroliIle )cobalt(II) ion 
3,10,17,24-Tetrasulfophthalocyaninecobaltate(ll) ion 
Chloro(pentacyano )cobaltate(ll) ion 
Pentacyanocobaltate(ll) ion 
Tetracyanocobaltate(ll) ion 
Tris(glycinato )cobaltate(ll) ion 
Bis(glycinato )cobalt(ll) 
Glycinatocobalt(ll) ion 
Ethylcne:diaminetetraavetatocobaltatc(II) ion 
1,4,8, I1-Tetraazacyc1otetradecanecobalt(I1) ion 
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6.50 5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacyc1otetradecanecobalt(II) ion 

6.51 1,8-Diamino-3,6,10,13,16,19-
hexaazabicyclo[6.6.6]eicosanecobalt(II) ion, con
jugate diacid 

6.52 1,8-Diamino-3,6,10,13,16,19-
hexaazabicyc1o[6.6.6]eicosanecobalt(II) ion 

6.53 8-Methyl-l,3,13,16-tetraaza-6,10,19-
trithiabicyc1 0 [6.6.6] eicosanecobalt(II) ion 

6.54 1,3,6,8,10,13,16,19-0ctaazabicyc1o[6.6.6]
eicosanecobalt(II) ion 

6.55 2,3,9,10-Tetramethyl-l,4,8,II-tetraazacyc1o
tetradeca-I,3,8,10-tetraenecobalt(II) ion 

6.56 2,3,9,10-Tetramethyl-l,4,8,II-tetraazacyclo
tetradeca-l ,3,8, 10-tetraenecobalt(II) ion, superox
iue auuul.:l 

6.57 Iminodiacetatocobaltate(II) ion, superoxide adduct 
6.58 Ethylenediaminetetraacetatocobaltate(II) ion, 

superoxide adduct 
6.59 Iminodiacetatocobalt(II), H-abstraction product 
6.60 Nitrilotriacetatocobaltate(II) ion, H-abstraction pro

duct 
6.61 Ethylenediaminetetraacetatocobaltate(II) ion, H

abstraction product 
6.62 3,10,17,24-Tetrasulfophthalocyaninecobaltate(II) 

ion, superoxide adduct 
6.63 1,4,8, 11-Tetraazacyc1otetradecan~cobalt(II) ion, 

dioxygen adduct 
6.64 5,10,15,10-Tetrakis( 1-methy 1 pyridy 1 )porphinato

(thiocyanato )cobalt(II) ion 
6.65 Cobaltocene 
6.66 Pentaammine(l-methyl-4,4'-bipyridinium)cobalt(ID) 

ion, electron adduct 
6.67 Pentaammine(4-nitrobenzoato)cobalt(ID) ion, elec

tron adduct 
6.68 Pentaammine[4-(aminocarbonyl)-1-(carboxy

methy l)pyridinio ]cobalt(III) radical anion 
6.69 Pentaammine[4-(aminocarbonyl)-I-(carboxy

methy I )pyridinio ]cobalt(III) radical, protonated 
6.70 Pentaammine[4-(aminocarbonyl)-I-(I-carboxy

ethyl)pyridinio]cobalt(III) radical anion 
6.71 Pentaammine[4-(aminocarbonyl)-I-(l-carboxy

ethyl)pyridinio]cobalt(III) radical, protonated 
6.72 Pentaammine[4-(aminocarbonyl)-I-(l-carboxy

propyl)pyridinio]cobalt(III) radical anion 
6.73 Pentaammine[4-(aminocarbonyl)-I-(l-carboxy

propyl)pyridinio]cobalt(III) radical, protonated 
6.74 3,10,17,24-Tetrasulfophthalocyaninecobaltate(ID) 

radical anion (reduced ligand) 
6.75 3,10,17,24-Tetrasulfophthalocyaninecobaltate(III) 

radical anion (oxidized ligand) 
6.76 Dibromo(iminodiacetato)cobaltate(IIl) ion 
6.77 Bromo(iminodiacetato )cobalt(ID) 
6.78 Hydroxy(iminodiacetato )cobalt(III) 
6.79 Ethylenediaminetetraacetatocobaltate(lII) ion, 

superoxide adduct 
6.80 Hydrido-N-rac-5,7,7,12,14,14-hexamethyl-l,4,8,11-

tetraazacyc1otetradeca-4, II-dienecobalt(ID) ion 
6.81 Hydrido-prim-N-rac-5,7,7,12,14,14-hexamethyl-

1,4,8, II-tetraazacyc1otetradeca-4, 11-
dienecobalt(ll) ion 

6.82 Hydroxymethyl(5,7,7, 12, 14, 14-hexamethyl-
1,4,8,II-tetraazacyc1otetradeca-4,11-
diene )cobalt(ll) ion 

6.83 I-Hydroxyethyl(5,7,7, 12, 14, 14-hexamethyl-
1,4,8,II-tetraazacyc1otetradeca-4,11-
diene )cobalt(III) ion 

6.84 5.7.7.12.14.l4-Hexamethyl-1A.R.ll
tetraazacyc1otetradeca-4,II-diene(2,2,2-trifluoro- . 
I-hydroxyethyl)cobaJt(III) ion 

6.85 1,2-Dihydroxyethyl(5,7,7,12,14,14-hexamethyl-
1,4,8, II-tetraazacyc1otetradeca-4, 11-
diene )cobalt(ID) ion 

6.86 1-Methylethy ltetrakis( 4-sulfonatophenyl)
porphinatocobaltate(ill) ion 

6.87 Hydroxymethy Itetrakis( 4-sulfonatopheny 1)
porphinatocobaltate(ID) ion 

6.88 1-Hydroxy-l-methylethy ltetrakis( 4-sulfonato
phenyl)porphinatocobaltate(ID) ion 

6.89 (Methyl)-3, 1 0, 17 ,24-tetrasulfophthalocyanine
cobaltate(ill) ion 

6.90 (2-Hydroxy-2,2-dimethylethyl)-3,10,17,24-
tetrasulfophthalocyaninecobaltate(ID) ion 

6.91 (2-Hydroxy-l-methylpropyl)-3,1 0,17,24-
tetrasulfophthalocyaninecobaltate(lli) ion 

6.92 (2-Hydroxyethyl)-3,10,17,24-
tetrasulfophthalocyaninecobaltate(ID) ion 

6.93 (2-Hydroxy-l-methylethyl)-3,10,17,24-
tetrasulfophthalocyaninecobaltate(ill) ion 

6.94 Bromocob(ID)alamin 
6.95 Pentaammine(pyridine)cobalt(III) ion, OH adduct 
6.96 Pentaammine(nicotinamide)cobalt(ID) ion, OH 

adduct 
6.97 Pentaammine(isonicotinamide )coba1t(ill) ion, OH 

adduct 
6.98 Tris(2,2'-bipyridine)cobalt(ffi) ion, OH adduct 
6.99 Cobalt(ID) ion 
6. 100 Chlorocobalt(ID) ion 
6.101 Aqua(methyl)nitrilotriacetatocobaltate(ID) ion 
6.102 Aqua(hydroxymethyl)nitrilotriacetatocobaltate(ID) 

ion 
6. 103 Aqua( I-hydroxyethyl)nitrilotriacetatocobaltate(ID) 

ion 
6.104 Aqua( carboxymethyl)nitrilotriacetatocobaltate(ID) 

ion 
6. 105 Aqua( l-ethoxyethyl)nitrilotriacetatocobaltate(ill) 

ion 
6.106 Aqua(l-hydroxy-l-methylethyl)nitrilotriacetato

cobaltate(ID) ion 
6. 107 Aqua(bromo )nitrilotriacetatocobaltate(ID) ion 
6.108 Aqua(hydroxymethyl) [N-(2-hydroxyethyl)-N ,N' ,N'-

. ethy lenediaminetriacetato ]cobaltate(ID) ion 
6. 109 O-Sulfito( tetraethy lenepentamine )cobalt(III) ion 
6. 110 Decaammine-Jl-peroxidodicobalt(III) ion 
6.111 Jl-Amido-Jl-peroxidooctakisamminedicobalt(m) ion 
6. 112 Jl-Amido-Jl-peroxidotetrakis( ethylenediamine)-

dicobalt(III) ion 
6. 113 /-L-Amido-/-L-peroxiuotetrakis(2,2' -bipyridine)-
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dicobalt(III) ion 
6. 114 Il-Amido-ll-peroxidotetrakis(l,lO-phenanthroline)

dicobalt(ll) ion 
6.115 5,10,15,20-Tetrakis(4-sulfonatophenyl)

porphinatocobaltate(ffi), radical cation 

Table 7. Chromium 

7. 1 Chromium(I) ion 
7.2 Chromium(II) ion 
7.3 trans-Diaqua-l ,4,8, 11-tetraazacyclotetradecane

chromium(lI) ion 
7.4 Tris(2,2'-bipyridine )chromium(II) ion 
7.5 Tris(2,2'-bipyridine)chromium(Ill), EDTA radical 

addn. product 
7.6 Tris( 4,4'-dimethyl-2,2' -bipyridine )chromium(II) ion 
7.7 Tris( 4,4'-diphenyl-2,2' -bipyridine )chromium(II) ion 
7.8 Tris( 1,1 O-phenanthroline )chromi um(II) ion 
7.9 Tris( 1,1 O-phenanthroline )chromium(III), EDTA radi-

cal addn. product 
7. 10 Tris( 1,1 O-phenanthroline )chromi um(lII), carboxy I 

radical addn. product 
7.11 Tris(5-chloro-l,10-phenanthroline)chromium(II) ion 
7. 12 Tris( 5-chloro-l, 1 O-phenanthroline )chromium(III), 

EDTA radical addn. product 
7. 13 Tris(5-chloro-l, 1 O-phenanthroline )chromium(III), 

carboxyl radical addn. product 
7.14 Tris(5-bromo-l,lO-phenanthroline)chromium(II) ion 
7.15 Tris(5-methyl-l,lO-phenanthroline)chromium(II) ion 
7.16 Tris(4,7-dimethyl-l,lO-phenanthroline)chromium(II) 

ion 
7.17 Tris(5,6-dimethyl-l,lO-phenanthroline)chromium(ll) 

ion 
7.18 Tris(5-phenyl-l,lO-phenanthroline)chromium(II) ion 
7.19 Tris(4,7-diphenyl-l,10-phenanthroline)chromium(I1) 

ion 
7.20 Bis(2,2' -bipyridine( oxalato )chromate(ll) 
7.21 2,2' -Bipyridinebis( oxalato )chromate(II) ion 
7.22 Bis( 1,1 O-phenanthroline)( oxalato )chromate(II) 
7.23 Bis( oxalato )phenanthrolinechromate(ll) ion 
7.24 Tris( acety lacetonato )chromate(II) ion 
7.25 Bis( acetylacetonato )chromate(I1) 
7.26 Acetonylacetonatochromium(II) ion 
7.27 Hydridochromium(ID) ion 
7.27a Hydroxymethylchromium(III) ion 
7.28 Dihydroxymethylchromium(Ill) ion 
7.28a I-Hydroxyethylchromium(ffi) ion 
7.29 2-Hydroxyethylchromium(ID) ion 
7.29a I-Hydroxy-l-methylethylchromium(III) ion 
7.30 2-Hydroxy-l-methylethylchromium(ffi) ion 
7.31 2-Hydroxy-l,2-dimethylethylchromium(III) ion 
7.32 2-Hydroxy-2,2-dimethylethylchromium(III) ion 
7.33 2-Ethoxyethylchromium(m) ion 
7.34 l-Carboxy-l-hydroxyethylchromium(ID) ion 
7.35 2-Carboxy-2,2-dimethylethylchromium(ID) ion 
736 2-Arnmonio-2,2-dimethy lethy lchromium(ill) ion 
7.37 cis-Diammine(aqua)(1,4,8,II-tetraazacyc1o-

tetradecane )chromium(ffi) ion 
7.38 trans-Dihydroxy-l ,4,8, II-tetraazacyclotetradecane

chromium(III), OH reaction product 

7.39 Chromate(V) 
7.40 Chromate (V) ion 

Table 8. Copper 

8. 1 Copper(O) chloride complex 
8.2 Copper atom 
8.3 Copper(I) chloride complex with copper(O) 
8.4 Copper(l) ion complex with copper(O) 
8.5 Copper(l) ion 
8.6 Copper(I) chloride 
8. 7 Tetraformatocuprate(I) ion 
8.8 Tetraacetatocuprate(I) ion 
8.9 Ethylenediaminetetraacetatocuprate(I) ion 
8. 10 Bis( alaninato )cuprate(I) 
8. 11 Bleomycin-copper(I) complex 
8.12 3,6,10,13,16,19-Hexaazabicyclo[6.6.6]eicosane

copper(I) ion 
8. 13 1,4,8,11-Tetraazacyc1otetradecanecopper(I) ion 
8.14 5,7,7,12,14,14-HexamethyI-l,4,8,11-

tetraazacyclotetradecane-copper(I) ion 
8.15 5,7,7,12,14,14-Hexamethyl-l,4,8,1l

tetraazacyclotetradeca-4, II-dienecopper(I) ion 
8. 16 2,3,9,10-Tetramethyl-l ,4,8, I1-tetraazacyclo

tetradeca-l ,3,8, 10-tetraenecopper(I) ion 
8.17 a-2,12-Dimethyl-3,7,1l,17-tetraazabicyc1o[11.3.1]-

heptadeca-l (17),2,11,13, 15-pentaenecopper(I) ion 
8. 18 Bis(2,2' -bipyridine )copper(I) ion 
8. 19 Bis( 1,1 O-phenanthroline )copper(I) ion 
8.20 Bis(5-chloro-l, 1 O-phenanthroline )copper(I) ion 
8.21 Bis(5-nitro-l,10-phenanthroline)copper(I) ion 
8.22 Bis(5-methyl-l, 1 O-phenanthroline )copper(I) ion 
8.23 Bis(2,9-dimethyl-l, 1 O-phenanthroline )copper(l) ion 
8.24 5,10,15,20-Tetnikis(l-methylpyridinium-4-yl)-

porphinatocopper(II), radical anion 
8.25 5,10,15,20-Tetrakis( 4-sulfonatophenv 1)

porphinatocuprate(n), radical anion 
8.26 Tetrakis-4-(N,N,N -trimethy lammonio )-

phenylporphinecopper(II), radical anion 
8.27 Hydridocopper(II) ion 
8.28 Methylcopper(II) ion 
8.29 Carboxylatocopper(II) 
8.30 2-Ammonio-l-carboxyethylcopper(II) ion 
8.31 2-Ammonioethylcopper(II) ion 
8.32 2-Hydroxy-2,2-dimethylethy1copper(II) ion 
8.33 2-Ammonio-2.2-dimethylethy1copper(II) ion 
8.34 1,3-Diammonio-2-propylcopper(II) ion 
8.35 2-(Dimethylammonio)-I-

(dimethy lammoniomethy I )ethy lcopper(II) ion 
8.36 2-(Dimethylammonio)ethy1copper(I1) ion 
8.37 2-Carboxy-2,2-dimethylethylcopper(II) ion 
B.38 2-Ammonio-2-carboxypropylcopper(II) ion 
8.39 Copper(II) ion, complex with cyclohexene 
8.40 4-Hydroxyphenoxycopper(II) ion, conjugate base 
8.41 (l-Hydroxybutyl)ethylenediamine-

tetraacetatocuprate(II) ion 
8.42 Bis( 1,1 O-phenanthroline )(2-hydroxyethy 1 )copper(II) 

ion 
8.43 Bis(l, 1 O-phenanthroline )(2-hydroxy-2,2-

dimethylethyl)copper(II) ion 
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8.43a Aminomethyl(glycinato )copper(IT) adduct 
8.44 a-2,12-Dimethyl-3,7,11,17-tetraazabicyclo[II.3.1]- 9.2 Dicyanobis( 4,4'-dimethyl-2,2'-bipyridine )ferrate(I1 ), 

heptadeca-l (17),2,11,13, 15-pentaenecopper(ll) electron adduct 
ion OH-adquct 9.3 2,2'-Bipyridinetetracyanoferrate(ll) ion, electron 

8.45 Copper(ill) adduct 
8.46 Dihydroxycopper(llI) ion 9.4 Tetracyano( 4,4' -dimethy 1-2,2'-bipyridine )ferrate(Il) 
8.47 Trihydroxycopper(III) ion, electron adduct 
8.48 Amminecopper(ill) complex 9.5 Iron(II) oxalate 
8.49 Ethy lenediaminecopper(ill) complex 9.6 Pentacyanoferrate(II) ion 
8.50 5,7,7,12,14,14-Hexamethyl-l,4,8,11- 9.7 Pentacyanonitrosylferrate(ll) ion 

tetraazacyclotetradecane-copper(ill) ion 9.8 Acetonitrile(aqua)-2,3,9,10-tetramethyl-l,4,8,11-
8.51 Chloro-5,7,7,12,14,14-hexamethyl-l,4,8,11- tetraazacyclotetradeca-l,3 ,8, 10-tetraeneiron(ll) 

tetraazacyclotetradeca-4, II-dienecopper(III) ion ion 
8.52 5,7,7 ,12,14,14-Hexamethyl-l ,4,8,11- 9.9 Diaqua(2,3,9,10-tetramethyl-l,4,8,II-tetraaza-

tetraazacyclotetradeca-4, II-dienecopper(III) ion cyclotetradeca-l ,3,8, 10-tetraeneiron(ll) ion 
8.53 1,4,8,11- 9.10 5, 10, 15,20-Tetrakis(l-methylpyridinium-4-

Tetraazacyc1otetradecane(hydrido )copper(llI) ion yl)porphinatoiron(ll) ion 
8.54 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza- 9.11 a,a,a,~-Tetrakis(N-methylisonicotinamidophenyl)-

cyclotetradecane(hydrido )copper(III) ion porphinatoiron(II) ion 
8.55 5,7,7,12,14,14-Hexamethyl-l,4,8,II-tetraaza- 9.12 lron(ll) deuteroporphyrin (2-propanolh 

cyc1otetradeca-4, 11-diene(hydrido )copper(Ill) ion 9.13 Tris(2,2' -bipyridine )iron(ll) ion, OH -adduct 
8.56 2,2,4,11,11, 13-Hexamethyl-1 .5,10, 14-tetraaza- 9.14 Bis(2,2'-hipyridine)dicyanoferrate(II), OH reaction 

cyclooctadeca-4, 13-diene(hydrido )copper(llI) ion product 
8.57 Bis(glycine )copper(ill) complex 9.15 Hydroperoxide-iron(ill) iron(ll) complex 
8.58 Bis( alanine )copper(ill) complex 9.16 Hydridoiron(ID) ion 
8.59 Bis(~-alanine )copper(ID) complex 9.17 Hydroperoxide-iron(ill) complex 
8.60 Bis( a-aminobutyric acid)copper(llI) complex 9.18 Hydroperoxide-~ulfatoiron(ill) complex 
8.61 Bis(~-aminobutyric acid)copper(llI) complex 9.19 Hydroperoxide-sulfatoiron(III) iron(II) complex 
8.62 Bis(y-aminobutyric acid)copper(lll) complex 9.20 Hydridoiron(Ill) protoporphyrin 
8.63 Bis( a-aminoisobutyric acid)copper(llI) complex 9.21 Hydroxymethyliron(llI) protoporphyrin 
8.64 Hydroperoxocopper(lll) ion 9.22 1-Hydroxyethy liron(ill) protoporphyrin 
8.65 Methy lcopper(ill) ion 9.23 1-Hydroxy-l-methylethyliron(llI) protoporphyrin 
8.66 Trichloromethy lcopper(ill) ion 9.24 2-Hydroxyethy liron(lll) protoporphyrin 
8.67 2-Hydroxyethylcopper(III) ion 9.25 2-Hydroxy-l-methylethyliron(lll) protoporphyrin 
8.68 Carboxymethy lcopper(lll) ion 9.26 Trifluoromethyliron(III) deuteroporphyrin (2-
8.69 l-Carboxyethylcopper(llI) ion propoxy)(2-propanol) 
8.70 2-Hydroxy-2,2-dimethylethylcopper(llI) ion 9.27 Tris( 1,1 O-phenanthroline )iron(ill) ion 
8.71 1,2-Dicarboxy-2-hydroxyethylcopper(III) ion 9.28 Aqua(methy l)nitrilotriacetatoferrate(ill) ion 
8.72 2-Carboxy-2,2-dimethy lethy lcopperCID) ion 9.29 Carboxylato(nitrilotriacetato )ferrate(ll) ion 
8.73 2-Ammonio-2-carboxypropy lcopper(m) ion 9.30 Carboxylato(2-hydroxyethylethylenediamine-
8.74 Benzylcopper(III) ion triacetato )ferrate(ill) ion 
8.75 (4-Chlorophcnyl)mcthylcoppcr(III) ion 9.31 Diethy lenetriuminepentaacetatoferrate(ll), DTP A 
8.76 2-Hydroxyphenoxycopper(ill) ion radical adduct 
8.77 3-Hydroxyphenoxycopper(llI) ion 9.32 Tetracyano(2,2'-bipyridine )ferrate(III) ion 
8.78 4-Hydroxyphenoxycopper(Ill) ion, conjugate base 9.33 Sulfatoiron(Ill) ion 
8.79 3-Hydroxy-5-methylphenoxycopper(lII) ion 9.34 Ferricyanide ion 
8.80 (4-Methoxyphenyl)methylcopper(ill) ion 9.35 Carboxyferricenium 
8.81 (4-Methylphenyl)methylcopper(llI) ion 9.36 1,1'-Dicarboxyferricenium 
8.82 Bis(glycinato )methylcopper(ID) ion 9.37 Hydroxymethylferricenium 
8.83 ~-Alaninato(2-aminoethy I )copper(ID) 9.38 (Dimethylaminomethy l)ferricenium 
8.84 cis-Aqua(hydroxymethy I )(nitrilotriacetato)- 9.39 Tris(2,2' -bipyridine )iron(ill) ion, OH-adduct 

cuprate(Ill) ion 9.40 Tris(2,2'-bipyridine)iron(ill) ion, H-adduct 
8.85 cis-Aqua(l-hydroxyethyl)(nitrilotriacetato)- 9.41 5,10,15,20-Tetrakis(1-methylpyridinium-4-

cuprate(ill) ion y I )porphineiron(III)-superoxide complex 
8.86 cis-Aqua(l-hydroxy-l-methylethyl)(nitrilo- 9.42 Methyliron(IV) deuteroporphyrin (2-propanolh 

triacetato )cuprate(III) ion 9.43 Iron(ID) deuteroporphyrin (2-propanolh, • CHCl2 

radical adduct 
Table 9. Iron 9.44 Iron(III) deuteroporphyrin (2-propoxy)(2-propanol), 

9.1 Bis(2,2' -bipyridine )dicyanoferrate(ll), electron . CF3 reaction product 
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9.45 Iron(ID) deuteroporphyrin dimethyl ester (2-
propanolh, I-hydroxy-l-methylethylperoxyI 
adduct 

9.46 Ferrate(IV) ion 
9.4 7 5,10,15,20-Tetrakis( 4-sulfonatophenyl)-

porphinatoferrate(ill) radical cation 
9.48 Carbonatoiron(IV) 
9.49 Iron(N) pyrophosphate 
g_50 Iron(N) (hydroxo)llndecatllngstosilicate ion 
9.51 Dihydrogenferrate(V) ion 
9.52 Hydrogenferrate(V) ion 
9.53 Ferrate(V) ion 

Table 10. Mercury 

10. 1 Mercury atom 
10.2 Mercury(I) ion, complex with mercury(O) 
10.3 Mercury(I) ion 
10.4 Mercury(1) hydroxide 
10.5 Mercury(I) 
10.6 Mercury(I) bromide 
10.7 Bromomercury(I)peroxyl 
10_8 Mercllry(T) chloride 
10.9 ChIoromercury(I)peroxyl 
10. 10 Mercury(I) cyanide 
10. 11 Mercury(I) iodide 
10. 12 Mercury(1) thiocyanate 
10. 13 Thiocyanatomercury(I)peroxyl 

Table 11. Indium 

11. 1 Indium atoms 
11.2 Indium(Il) ion 
11.3 Tetrakis( 4-N-methylpyridyl)porphineindium(lll) rad

ical anion 
11.4 5,10,15,20-Tetrakis(4-sulfonatophenyl)

porphinatoindate(lll) radical cation 

Table 12. Iridium 

12. 1 Hexachloroiridate(ill) ion, electron adduct 
12.2 Bis(2,2' -bipyridine )([2,2' -bipyridin]-3-yl-C,N')-

iridium(Ill) ion, conjugate acid, electron adduct 
12.3 Bis(2,2' -bipyridine )([2,2' -bipyridin]-3-yl-C,N')

iridium(ID) ion, electron adduct 
12.4 Bis(2,2' -bipyridine )([2,2' -bipyridin]-3-yl-C,N')

iridium(IV) ion, conjugate monoacid 
12.5 Hcxachloroiridatc(IV) ion 

Table 13. Manganese 

13.1 5, 10, 15,20-Tetrakis(4-sulfonatophenyl)
porphinatomanganate(ll) radical anion 

13.2 5, 10, 15,20-Tetrakis(l-methylpyridinium-4-yl)
porphinatomanganese(ll) radical anion 

13.3 5,10,15,20-Tetrakis( 4-sulfonatophenyl)
porphinatomanganate(ll) ion 

13.4 5, 10, 15,20-Tetrakis(1-methylpyridinium-4-yl)
porphinatomanganese(ll) ion 

13.5 5,10, 15,20-Tetrakis(4-pyridyl)
porphinatomanganese(ll) 

13.6 5,10, 15,20-Tctrakis[ 4-(N,N ,N-trimcthyl-

ammonio )phenyl]porphinatomanganese(ll) ion 
13.7 a,a,a,J3-Tetrakis(2-(N-methylisonicotinamido)

phenyl]porphinatomanganese(II) ion 
13.8 5,10,15,20-Tetrakis(4-carboxyphenyl)

porphinatomanganate(ll) ion 
13.9 Nitrilotriacetatomanganate(II} ion, H-abstraction 

product 
13.10 Ethylenediaminetetraacetatomanganate(II) ion, H-

abstraction product 
13.11 Manganese(Ill) ion 
13. 12 Hydroxymanganese(Ill) ion 
13. 13 Peroxidomanganese(lll) ion 
13. 14 Peroxidomanganese(lll) formate 
13. 15 Hydroperoxidomanganese(Ill) formate complex 
13. 16 Peroxidomanganese(llI)-manganese(II) formate 

complex 
13. 17 Manganese(lll) phosphate complex 
13. 18 Peroxidomanganese(lll) phosphate .complex 
13. 19 Manganese(m) pyrophosphate complex 
13.20 Manganese(ID) sulfate complex 
13.21 Peroxidomanganese(Ill) sulfate complex 
13.22 Hydroperoxidomanganese(ill) sulfate complex 
13.23 Peroxidomanganese(Ill)-manganese(ll) sulfate com-

plex 
13.24 Dibromomanganese(Ill) ion 
13.25 Chloromanganese(Ill) ion 
13.26 Dichloromanganese(Ill) ion 
13.27 Peroxido( ethylenediaminediacetato )manganate(ill) 

ion 
13.28 Aqua(methyl)nitri~otriacetatomanganate(Ill) ion . 
13.29 Bromo{5, 1 0, 15,20-tetrakis( 4-sulfonatophenyl)

porphinatomanganate(lll) ion 
13.30 2-Hydroxy-2,2-dimethylethyltetrakis( 4-sulfonato

phenyl)porphinatomanganate(IIl) ion 
13.31 Bromo[5,10,15,20-tetrakis(l-methylpyridinium-4-

yl)porphinatomanganate(ID) ion 
13.32 2-Hydroxy-2,2-dimethylethy1[5,10,15,20-tetrakis(l

methylpyridinium-4-yl)porphinatomanganate(Ill) 
ion 

13.33 Dichlorohydroxy(I,4,7,11-
tetraazacyclotetradeca~e )manganese(N) ion 

13.34 Dichloro-meso-5,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradecane(hydroxy)
'manganese(N) ion 

13.35 Dichloro-rac-5,7,7,12,14,14-hexamethyl-l,4,8,11-
tetraazacyclotetradecane(hydroxy)
manganese(IV) ion 

13.36 Manganese(V) 

Table 14. Molybdenum 

14.1 18-Molybdodiphosphate ion(7-), conjugate acid 
14.2 Bis(J.l-oxo)( ethylenediaminetetraacetato)-

. bis(oxomolybdate(N)(V)] ion 
14.3 Bis(Jl-oxo)bis[aqua(oxalato)oxomolybdate(IV)(V) 

ion 
14.4 Octacyanomolybdate(V) ion 
14.5 cis-Octaaqua-Jl-oxo-bis( oxo )dimolybdenum(IV) ion 
14.6 Hexaaquadi-Jl-oxodioxodimolybdenum(V,VI) ion 
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Table 15. Nickel 

15. 1 Nickel(I) ion 
15.2 Tetracyanonickelate(I) ion 
15.3 Tris(cyano)nickelate(I) ion 
15.4 1,4,7,1 U-letraazacyclotridecanenickel(I) ion 
15.5 9-Methyl-9-nitro-l,4,7,11-tetraazacyclotridecane~ 

nickel(Il) ion, electron adduct 
15.6 1 A,8,11-Tetraazacyclotetradecanenickel(I) ion 
15.7 1,4,8,1 1-Tetramethyl-l,4,8,1 I-tetraaza

cyclotetradecane-nickel(l) ion 
15.8 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyclotetradecane-nickel(I) ion 
15.9 1,4,5,7,7,8,11,12,14, 14-Decamethyl-l,4,8, 11-

tetraazacyclotetradecane-nickel(I) ion 
15.10 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyc1otetradeca-4, I1-dienenickel(I) ion 
15.11 5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraaza

cyc1otetradeca-l ,4,8, 11-tetraenenickel(I) ion 
15.12 a-2,12-Dimethyl-3,7,11,17-tetraazabicyclo[11.3.1]

heptadeca-l (17),13, 15-trienenickel(I) ion 
15.13 a-2,12-Dimethyl-3,7,11,17-tetraazabicyclo[11.3.1]

heptadeca-l(l7),2,11,13,15-pentaenenickel(I) ion 
15.14 8-Methyl-8-nitro-l,3,6,lO,13,15-hexaaza

tricyclo(13.1.1.1 13
•
15]octadecanenickel(II) ion, 

electron adduct 
15.15 8-Amino-8-methyl-l,3,6,10,13,15-hexaaza

tricyclo[13.1.1.1 13
•
15]octadecanenickel(I) ion 

15.16 3,7-Bis(2-aminoethyl)-1,3,5,7-tetraaza
bicyc10[3.3.1]nonanenickel(l) ion 

15. 17 Nitrilotriacetatonickelate(I) ion 
15.18 N-Methyl-5,lO,15,20-tetrakis(4-sulfonatophenyl)-

porphinatonickelate(ll), radical anion 
15. 19 Hydroxymethylnickel(ll) ion 
15.20 Carboxylatonickel(II) 
15.21 I-Hydroxyethylnickel(II) ion 
15.22 I-Hydroxy-l-methylethylnickel(TI) ion 
15.23 l-Ethoxyethylnickel(ll) ion 
15.24 Cyclopentylnickel(ll) ion 
15.25 5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyc1otetradecanenickel(TI) ion, OH reaction pro
duct 

15.26 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza
cyclotetradeca-4, I1-dienenickel(II) ion, OH reac
tion product 

15.27 lminodiacetatonickelate(II), H-abstraction product 
15.28 Bis(iminodiacetato )nickelate(IT), H-abstraction pro

duct 
15.29 Nitrilotriacetatonickelate(II), H-abstraction product 
15.30 Ethylenediaminetetraacetatonickelate(II), H-

ab:straction produ\,;t 
15.31 Amminenickel(III) ions 
15.32 Ethylenediaminenickel(III) ions 
15.33 Glycinatonickel(Ill) ion 
15.34 Bis( 1,4,7 -triazacyclononane )nickel(ITI) ion 
15.35 1,4,7,10-Tetraazacyc1otridecanenickelCIll) ion 
15.36 9-Methyl-9-nitro-l,4,7,11-tetraazacyclotridecane-

nickel(Ill) ion 
15.37 11,13-Dimethyl-l,4,7,lO-tetraazacyclotrideca-

10, 13-dienenickel(ill) 'ion 

15.38 ll,13-Dimethyl-lA,7,lO-tetraazacyclotrideca-
10,13-dienenickel(Ill) ion, conjugate base 

15.39 Aquabromo-l1-methyl-13-(trifiuoromethyl)-
1,4,7,1 O-tetraazacyclotrideca-l 0, 13~ 
dienenickel(ill) ion 

15.40 Diaqua·l1-methyl-13-(trifluoromethyI)-1,4,7,10-
tetraazacyclotrideca·l 0, 13-dienenickel(IIl) ion, 
conjugate base 

15.41 Aquamethyl(I,4,8,11-tetraazacyclotetradecane)
nickel(III) ion 

15.42 1,4,8,11-Tetraazacyclotetradecanenickel(ill) ion 
15.43 ~-rac-(5,7,7,12,12,14-Hexamethyl-l,4,8,11-

tetraazacyclotetradecane )nickel(m) ion 
15.44 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyc1otetradecanenickel(ID) ion 
15.455,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyclotetradecanedi(phosphato )nickel(ID) ion 
15.46 5,7,7 ,12,14,14-Hexamethyl-l,4,8,11-tetraaza

cyc1otetradeca-4, 11-dienenickel(ffi) ion 
15.47 5,7,7,12,14, 14-Hexamethyl-l,4,7 ,11-tetraaza

cyclotetradeca-4, Il-diene(hydroxo )nickel(ll) ion 
15.48 Bromo(5,7,7 ,12,14, 14-hexamethyl-I,4,8, 1 1-

tetraazacyclotetradeca-4, Il-diene )nickel(ll) ion 
15.49 Dichloro(5,7,7,12,14,14-hexamethyl-l,4,8,11-

tetraazacyclotetradeca-4, I1-diene )nickel(ill) ion 
15.50 5,7,7,12,14,14-Hexamethyl-l,4,8,11-tetraaza-

cyclotetradeca-l ,4,8, 11-tetraenenickel(ITI) ion 
15.51 1,4,8,12-Tetraazacyc1opentadecanenickelCill) ion 
15.52 1 A,7, 10, 13-PentaazacyclohexadecanenickelCffi) ion 
15.53 8-Methyl-8-nitro-I,3,6,10,13,15-hexaaza-

tricyclo[l 3.1.1.1 13,ls)octadecanenickel(m) ion 
15.54 8-Amino-8-methyl-l,3,6,lO,13,15-hexaaza

tricycloD 3.1.1.1 13,15]octadecanenickel(ill) ion 
15.55 3,7-Bis(2-aminoethyl)-1,3,5,7-tetraaza

bicyclo[3.3.11nonanenickel(lll) ion 
15.56 Diaqua-a-2,12-Dimethyl-3,7 ,11,17 -tetraaza

bicyclo[ 11.3.1 ]beptadeca-l (17),13,15-
trienenickel(ll) ion 

15.57 Hydroxy-a-2,12-dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.l]heptadeca-I(l7),13,IS
trienenickel(III) ion 

15.58 Aquabromo-a-2,12-dimethyl-3,7,11,17-tetraaza
bicyc1o[l1.3.1)heptadeca-l(17),13,15-
trienenickel(lll) ion 

15.59 Aqua-a-2, 12-dimethy 1-3,7,11,17 -tetraaza
bicyclo(11.3.l]heptadeca-l(17),13,15-
triene(thiocyanato )nh;kel(ll) iUIl 

15.60 a-2,12-Dimethyl-3,7,11,17-tetraaza
bicyclo[l1.3.l]heptadeca-l(l7),2,11,13,15-
pentaene(hydroxo )nickel(ID) ion 

15.61 a-2,12-Dimethyl-3,7,11,17-tetraaza-
bicyclo[11.3.1]heptadeca-1(17),2,11,13,15-
pentaenebis(hydroxo )nickel(IIl) ion 

15.62 Aquabromo-u-2,12-dimethyI-3,7,11,17-teucU:1La
bicyc1o[11.3.1]heptadeca-l(l7),2,11,13,15-
pentaenenickel(ll) ion 

15.63 Aqua-a-2,12-dimethyl-3.7.11.17-tetraaza
bicyclo(11.3.1]heptadeca-1(17),2,11,13,lS
pentaene(thiocyanato )nickel(In) ion 



RATE CONSTANTS FOR TRANSIENT METAL IONS IN AQUEOUS SOLUTION 1347 

15.64 a-2,12-Dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.1]heptadeca-l(l7),2,11,13,15-
pentaenebis( thiocyanato )nickel(ll) ion < 

15.65 Aquabromo-a-2,12-dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-
hexaenenickel(ll) ion 

15.66 Dibromo-a,2,12-dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.1]heptadeca-l(l7),2,6,11,13,15-
hexaenenickel(ll) ion 

15.67 Aqua-a-2,12-dimethyl-3,7,11,17-tetraaza
bicyclo[I1.3.1]heptadeca-l(17),2,6,11,13,15-
hexaene(thiocyanato )nickeI(ll) ion 

15.68 a-2,12-Dimethyl-3,7,11,17-tetraaza
bicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-
hexaenebis(thiocyanato )nickel(ll) ion 

15.69 Bromo~a-2,12-dimethyl-3,7,11,17-tetraaza-
bicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-
hexaenenickel(ll) ion 

15.70 Ethylenediaminetetraacetatonickelate(ll) ion 
15.71 Hydroxy( ethy lenediaminetetraacetato )nickelate(ll) 

ion 
15.72 Aqua( ethylenediaminetetraacetato )nickelate(ID) ion 
15.73 Dioxonickel(IV) ion 
15.74 Dioxonickel(IV) ion, protonated 

Table 16. Osmium 

16.1 Tris(2,2'-bipyridine)osmium(ll) ion 
16.2 Tris(5,5' -dimethy 1-2,2' -bipyridine )osmium(Ill) ion 
16.3 Tris( 1,1 O-phenanthroline )osmium(ll) ion 
16.4 Tris(5-chloro-l, lO-phenanthroline )osmium(ll) ion 

Table 17. Lead 

17. 1 Lead atom 
17.2 Lead(I) ion 
17.3 Lead (I) 
17.4 Tetralds(1-methylpyridinium-4-yl)porphinatolead(ll) 

radical cation 
17.5 Tetralds( I-methy Ipyridinium-3-yl )porphinatolead(ll) 

radical cation 
17.6 5,10,15,20-Tetralds( 4-sulfonatopheny 1)-

porphinatoplumbate(ll) radical cation 
17.7 Lead(llI) 
17.8 Dihydroxylead(ID) ion 
17.9 Tetrahydroxyplumbate(ill) ion 
17.10 Hydroxy(oxo)lead(IV) ion 

Table 18. Palladium 

18.1 Palladillm(I) ion 
18.2 Bis(hydroxyprolinato )palladate(I) ion 
18.3 5,10,15,20-Tetralds( 4-sulfonatophenyl)-

porphinatopalladate(ll) radical anion 

Table 19. Platinum 

19. 1 Triammineaquaplatinum(I) ion 
19.2 cis-Diamminedichloroplatinate(I) ion 
19.3 trans-Diamminedichloroplatinate(I) ion 
19.4 Tetrabromoplatinate(I) ion 
19.5 T~lIa(;hloroplatinate(I) ion 

19.6 Tetracyanoplatinate(I) ion 
19.7 Bis( ethylenediamine )platinum(I) ion 
19.8 Chloro( diethylenetriamine )platinum(I) 
19.9 cis-Bis(glycinato )platinate(I) ion 
19.10 trans-Bis(glycinato)platinate(I) ion 
19. 11 Bis( ethylenediamine )platinum(IT), H reaction pro

duct 
19.12 Chloro(diethylenetriamine)platinuni(n), H reaction 

product 
19. 13 Chloro(tetraethyldiethylenetriamine )platinum(ll), H 

reaction product 
19.14 cis-Bis(glycinato)platinum(IT), H reaction product 
19. 15 trans-Bis(glycinato )platinum(ll), H reaction product 
19. 16 Octahydrogen tetrakis(J..L-

diphosphito )diplatinate(I)(ll) ion 
19. 17 Tetraamminehydridoplatinum(ID) ion 
19.18 Tetraammine(aqua)hydroxyplatinum(ll) ion 
19.19 Tetraamminebis(hydroxy)platinum(ill) ion 
19.20. Tetraamminebis( aqua)platinum(Ill) ion 
19.21 Tetraammineplatinum(ll), CI2-- reaction product 
19.22 cis-Diamminedichloroplatinum(ll), OH reaction pro-

duct 
19.23 trans-Diamminedichloroplatinum(ll), OH reaction 

product . 
19.24 cis-Dichlorobis(isopropylamine )-trans-

dihydroxyplatinate(ffi) ion 
19.25 Tetrachloroplatinate(IT), CI2-- reaction product 
19.26 Hexachloroplatinate(m~ ion 
19.27 Pentachloroplatinate(ll) ion 
19.28 Aquapentachloroplatinate(Ill) ion 
19.29 Aquatetrachlorohydroxyplatinate(ill) ion 
19.30 Tetrachlorohydroxyplatinate(ll) 
19.31 Dichlorobis(hydroxy)platinate(ll) ion 
19.32 Tetrabromo(hydroxy)platinate(ID) ion 
19.33 Hexabromoplatinate(ID) ion 
79.34 Bis(ethylenediamine)platinum(ll), CI2"- reaction 

product 
19.35 Chlorobis( ethylenediamine )platinum(ID) ion 
19.36 Aquabis( cthy lencdiamine )hydroxyplatinum(ID) ion 
19.37 Bis(ethylenediamine)platinum(ll) ion, deprotonated 
19.38 Diaquabis( ethylenediamine )platinum(ll) ion 
19.39 Chloro(diethylenetriamine)platinum(ll). C12°- reac-

tion product 
19.40 Chloro( diethylenetriamine )platinum(IT), OH reaction 

product 
19.41 Diethylenetriamine(pyridine)platinum(IT) ion OH

adduct 
19.42 Chloro( tetraethyldiethylenetriamine )platinum(TI), 

C12-· reaction product 
19.43 Chloro(tetraethy ldiethy lenetriamine )platinum(IT), 

OH reaction product 
19.44 1 ,R-Diamino-3,6, 10,13,16,19-

hexaazabicyc1o[6.6.6]eicosaneplatinum(Ill) ion 
19.45 cis-Bis(glycinato)platinum(ll), OH reaction product 
19.46 trans-Bis(glycinato)platinum(IT), OH reaction pro

duct 
19.47 Octahydrogen tetrakis(J..L

diphosphito )diplatinate(IT)(ID) ion 
19.48 cis-[Dichlorobis( 1-(2-hydroxyethy 1)-2-methy 1-5-
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nitroimidazole-N3
) ]platinum(III) ion 

19.49 cis-Dichlorobis(isopropylamine )-trans
dihydroxyplatinum(IV), OR reaction product 

Table 20. Rhenium 

20.1 Rhenate(Vl) ion 

Table 21. Rhodium 

21.1 Chlorotris[3-(diphenylphosphino)
benzenesulfonato ]rhodate(O) ion 

21.2 115 -Pentamethy1cyclopentadienyl(2,2'
bipyridine)rhodium(I) ion 

21.3 Tris(2,2'-bipyridine )rhodium(I) ion 
21.4 Tetrakis [f.L-( 1, 3-diisocyanopropane )] dirhodi um(J)(II) 

ion 
21.5 n5-Pentamethylcyclopentadienyl(2,2'

bipyridine ) (hydroxy )rhodium(U) ion 
21.6 1l5-Pentamethylcyc1opentadienyl(2,2'-

bipyridine )(iodo )rhodium(II) ion 
21.7 Aquatriamminerhodium(II) ion 
21.8 Tetraamminerhodium(II) ion 
21.9 1,3,6,8,10,13,16, 19-0ctunznbicyclo[6.6.6]-

eicosanerhodium(ll) ion 
21.10 Bis(2,2' -bipyridine)rhodium(II) ion 
21.11 Tris(2,2'-bipyridine)rhodium(II) ion 
21.12 115-Pentamethylcyc1opentadienyl(2,2'-

bipyridine )hydridorhodium(nI) ion 
21. 13 Tetraammine( superoxido )rhodium(ill) ion 

Table 22. Ruthenium 

22.1 Pentaammine(dinitrogen)ruthenium(I) ion 
22.2 Bis(2,2' -bipyridine )bis(cyano)ruthenate(ll) ion, elec

tron adduct 
22.3 Tris(2,2' -bipyridine )ruthenium(II) ion, electron 

adduct 
22.4 Bis(2,2' -bipyridine)( 4-carboxy-4' -methyl-2,2'

bipyridine)ruthenium(II) ion, electron adduct 
22.5 Bis(2,2'-bipyridine )ruthenium(II)( 4-carboxy-4'

methyl-2,2'-bipyridine )(prolylprolinato)
pentaamminecobalt(III), electron adduct 

22.6 Bis(2,2'-bipyridine )(2,2'-bipyrimidine )ruthenium(lI) 
ion, electron adduct 

22.7 Bis(2,2'-hipyridine )(2,2'-hipyrimidine )ruthenium(ll) 
ion, electron adduct, protonated 

22.8 (2,2'-Bipyrazinc )bis(2,2'--bipyridine )ruthenium(ll) 
ion, electron adduct 

22.9 (2,2' -Bipyrazine )bis(2,2'-bipyridine )ruthenium(II) 
ion. electron adduct, protonated 

22.10 (2,2' -Bipyrazine)(2,2'-bipyridine )(2,2' -bipyrimidine) 
ruthenium(ll) ion, electron adduct 

22. 11 (2,2' -Bipyrazine )(2,2' -bipyridine )(2,2'-bipyrimidine) 
ruthenium(IT) ion, electron adduct, protonated 

22. 12 Tris(2,2' -bipyrimidine )ruthenium(U) ion, electron 
adduct 

22. 13 Tris(2,2' -bipyrimidine )ruthenium(II) ion, electron 
adduct, protonated 

22. 14 (2,2'-Bipyddine )bis(2,2'-bipyrimidine )ruthenium(II) 
ion. electron adduct 

22. 15 (2,2'-Bipyridine )bis(2,2'-bipyrimidine )ruthenium(H) 

ion, electron adduct, protonated 
22. 16 (2,2'-Bipyrazine )bis(2,2' -bipyrimidine )rutheniumO I i 

ion, electron adduct 
22. 17 (2,2'-Bipyrazine )bis(2,2'-hipyrirnidine )rutheniumO II 

ion, electron adduct, protonated· 
22~ 1 B Tris(2,2' -bipyrazine )ruthenium(II) ion, electron 

adduct 
22. 19 Tris(2,2'-hipyrazine )ruthenjum(ll) ion, electron 

adduct, protonated 
22.20 Bis(2,2'-bipyrazine )(2,2'-bipyridine )ruthenium(H) 

ion, electron adduct 
22.21 Bis(2,2' -bipyrazine )(2,2' -bipyridine )ruthenium(ll) 

ion, electron adduct, protonated 
22.22 Bis(2,2'-bipyrazine )(2,2' -bipyrimidine )ruthenium(I] ) 

ion, electron adduct 
22.23 Bis(2,2'-bipyrazine )(2,2'-bipyrimidine )ruthenium(II ) 

ion, electron adduct, protonated 
22.24 Tris(2,2'-bipyridine )ruthenium(II) ion, OH-adduct 
22.25 Tris(2,2'-bipyrazine)ruthenium(II) ion, OR-adduct 
22.26 Bis(2,2' -bipyridine)( dipyrido[3,2-a:2' ,3'--c ]phen-

azine )ruthenium(H) ion, electron adduct, dipro
tonated 

22.27 Bis(2,2' -bipyridfne)( dipyridol3,2-a:2~,3' -c]phen
azine )ruthenium(II) ion, electron adduct, pro
tonated 

22.28 Bis(2,2'-bipyridine)( dipyrido[3,2-a:2',3' -c ]phen
azine )ruthenium(II) ion, electron adduct 

22.29 Bis(2,2' -bipyridine)( 6, 7 -dihydro-5,8-
dime thy Idibenzo [b j] [1,1 O]phenanthroline) 
ruthenium(II) ion, electron adduct 

22.30 Tris( 4,4'-dimethyl-2,2'-bipyridine )ruthenium(ll) ion; 
electron adduct 

22.31 Tris(l,lO-phenanthroline)ruthenium(ll) ion, electron 
adduct 

22.32 Tris( 4, 7 -dimethyl-l, 1 O-phenanthroline )ruthenium(lI) 
ion, electron adduct 

22.33 Tris( S-chloro-l, 1 O-phenanthroline )ruthenium(n) ion, 
electron adduct 

22.34 Tris( 1 A,S,8-tetraazaphenanthrene )ruthenium(II) ion, 
electron adduct, protonated 

22.35 Tris(1,4,5,8-tetraazaphenanthrene)ruthenium(II) ion, 
electron adduct 

22.36 trans-Tetraammine(aqua)nitrosylruthenium(II) ion 
22.S7 Pentaamminenitrosylruthenium(II) ion 
22.38 Decaammine( dinitrogen )diruthenium(I-II) ion 
22.39 Dccaanunine(dinitrogcn)diruthenium(TI) ion, OH-

adduct 
22.40 Decaammine(dinitrogen)diruthenium(II-III)ion 
22.41 Tris(acety lacetonato)ruthenate(ll) ion 
22.42 Pentaammine( chloro )ruthenium(II) ion 
22.43 Pentaammine(aquo )ruthenium(ll) ion 
22.44 Tris(2,2' -bipyridine )ruthenium(II) ion, H-adduct 
22.45 Pentaammine(dinitrogen)ruthenium(III) ion 
22.46 Hexacyanoruthenate(IH) ion 
22.47 Bis(2,2'-bipyridine )bis( cyano )ruthenium(III) ion 
22.48 2-(Aminomethy 1 )pyridinebis(2,2'-bipyridine ) 

ruthenium(III) ion 
22.49 2-(Aminomethyl)pyridinebis(2,2'-bipyridine) 

rnthenium(IIl) ion. deprotonated 
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22.50 Tris(2,2' -bipyridine )ruthenium(ill) ion 
22.51 Tris( 4,4' -dimethyl-2,2' -bipyridine )ruthenium(ill) ion 
22.52 Tris(5,5' -dimethyl-2,2' -bipyridine )ruthenium(m) ion 
22.53 Ammine(2,2'-bipyridine)(2,2':6',2"-

terpyridine)ruthenium(ill) ion 
22.54 Tris( 4-triethylphosphonio-2,2'-

bipyridine )ruthenium(m) ion 
22.55 Tris( 1,1 O-phenanthroline )rutbenium(ill) ion 
22.56 Tris(5-bromo-h lO-phenanthroline)ruthenium(lll) ion 
22.57 Tris(5-cbloro-l, 1 O-phenanthroline )ruthenium(ill) ion 
22.58 Tris( 5 ,6-dimethyl-l, 1 O-phenanthroline) 

ruthcnium(ill) ion 
22.59 Tris(4,7-dimethyl-l,10-phenanthroline) 

ruthenium(lli) ion 
22.60 Tris(5-methyl-l,10-phenanthroline) ruthenium(lli) . 

ion 
22.61 Tris(5-phenyl-l,10-phenanthroline) ruthenium(lli) 

ion 
22.62 Tris(3,4,7,S-tetramethyl-l,10-phenanthroline) 

rutbenium(lli) ion 
22.63 Bis(2,2'-bipyridine ) [2-(2-thiazolyl]pyridine 

]ruthenium(m) ion 
22.64 2,2'-B ipyridinebis [2-(2-thiazo I y I )pyridine] 

ruthenium(lli) ion 
22.65 Trisr2-(2-thiazolyl)pyridinelruthenium(ill) ion 
22.66 Tris(2,2' -bithiazole )ruthenium(ll) ion 
22.67 Tris[2-( 1 ,2,4-thiadiazol-5-y 1 )pyridine ]rutbenium(ill) 

ion 
22.68 Rexaammineruthenium(ill) ion, OR reaction product 
22.69 Pentaammine(chloro)ruthenium(ill) ion, OR reaction 

product 
22.70 Pentaammine( acetylenedicarboxylato )ruthenium(ll), 

OR-adduct 

Table 23.· Antimony 

23. 1 3,S, 13, IS-Tetrakis( carboxymethyl)porphine-
2,7,12,17 -tetrapropanoato( chI oro )
oxoantimony(V) radical anion 

Table 24. Tin 

24.1 Tin(m) 
24.2 Dichloro[5,10,15,20-tetrakis(4-sulfonatophenyl)

porphinatostannate(IV) radical anion 
24.3 5,10,15,20-Tetrakis(1 ;..methylpyridinium-4-yl)

porphinatotin(IV) radical anion 

Table 25. Thallium 

25~ 1 Thallium(O) 
25.2 Thallium(l) ion, complex with TI(O) 
25.3 Thallium(O), complex with thallium(l) ion, dimer 
25.4 Thallium(ll) ion 
25.5 Hydroxythallium(ll) ion 
25.6 Dihydroxythallium(ll) 
25.7 Chlorothallium(ll) ion 
25.8 Dichlorothallium(ll) 
25.9 TrichlorothaIIate(ll) ion 
25. 10 Tetrachlorothallate(ll) ion 
25. 11 Thallium(II) ions 

Table 26. Vanadium 

26. 1 Vanadyl(ill) ion 

Table 27. Tungsten 

27.1 12-Thngstate ion(7-), dihydrogen 

Table 28. Zinc 

28. 1 Zinc (I) 
28.2 Zinc (I) ion 
28.3 1 ,4,S, 11-Tetrazacyclotetradecanezinc(I) ion 
28.4 Tetrakis-4-(N,N N-trimcthylammonio )phcnyl-

porphinezinc(ll) radical anion 
28.5 5, 10, 15,20-Tetrakis(1-methylpyridinium-4-yl)

porphinezinc(ll) radical anion 
28.6 5, 1 0, 15,20-Tetrakis(4-sulfonatophenyl)

porphinatozincate(ll) radical anion 
28.7 5,10,15,20-Tetrakis[I-(3-sulfonatopropyl)

pyridinium-4-yl]porphinato-zinc(n) radical anion 
28.8 Tetrakis-N-methyl-2,3-pyridinoporphyrazinezinc(ll) 

radical anion 
28.9 Trisulfophthnlocynninczincatc(ll) radical anion 
28. 10 Nitrilotriacetatozinc(II), R-abstraction product 
28. 11 Ethylenediaminetetraacetatozinc(II), H-abstraction 

product 
28.12 5,10,15,20-Tetrakis(l-methylpyridinium-3-yl)

porphinatozinc(ll), R-adduct 
28.135,lO,15,20-Tetrakis(1-Iilethylpyridinium-3-yl)

porphinatozinc(ll) radical cation 
28.14 5,10,15,20-Tetrakis(1-methylpyridinium-4-yl)

porphinatozinc(ll) radical cation 
28.15 5,10,15,20-Tetrakis(4-sulfonatophenyl)

porphinatozincate(n) radical cation 
28. 16 Hydroxy (tetrakis(2-hydroxyphenyl)porphinato )

zinc(ll) radical cation. deprotonated 
28. 17 Hydroxy (tetraki s(3-hydroxyphenyl)porphinato )

zinc(ll) radical cation, deprotonated 
28.18 5,10,15,20-Tetrakis[1-(3-sulfonatopropyl)

pyridinium-4-yljporphinatozinc(II) radical cation 
28.195,lO,15,20-Tetrakis[I-(3-sulfonatopropyl)

pyridinium-2-yl]porphinatozinc(ll) radical cation 
28.20 5,10,15,20-Tetrakis(2-N-hexylpyridyl)

porphinatozinc(ll) radical cation 
28.21 Tetrakis-4-(N,N ,N-trimethylammonio)

phenylporphinezinc(ll) radical cation 
28.22 5,10,15,20-Tetrakis(2,6-dichloro-3-sulfonato

phenyl)porphinatozincate(ll) radical cation 
28.23 Zinc(ll) uroporphyrin radical cation 
28.24 Zinc(ll) hematoporphyrin radical anion 




